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1

ELECTROLYTIC PROCESSING DEVICE
AND SUBSTRATE PROCESSING
APPARATUS

This 1s a continuation-in-part of U.S. patent application
Ser. No. 10/296,333, now abandoned, which 1s a National
Stage of PCT/I1P02/01345, filed on Feb. 21, 2002.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to an electrolytic processing device
and a substrate processing apparatus provided with the
clectrolytic processing device, and more particularly to an
clectrolytic processing device usetul for processing a con-
ductive material present on a surface of a substrate, espe-
cially a semiconductor wafer, or for removing impurities
adhering to a surface of a substrate, and a substrate process-
ing apparatus provided with the electrolytic processing
device.

2. Description of the Related Art

In recent years, instead of using aluminum or aluminum
alloys as a material for forming interconnection circuits on
a substrate such as a semiconductor wafer, there 1s an
eminent movement towards using copper (Cu) which has a
low electric resistance and high electromigration resistance.
Copper interconnects are generally formed by filling copper
into fine recesses formed 1n a surface of a substrate. There
are known various techmiques for forming such copper
interconnects, icluding CVD, sputtering, and plating.
According to any such technique, a copper film 1s formed on
substantially an entire surface of a substrate, followed by
removal ol unnecessary copper by performing chemical
mechanical polishing (CMP).

FIGS. 85A through 85C 1llustrate, 1n sequence of process
steps, an example of forming such a substrate W having
copper interconnects. As shown in FIG. 85A, an msulating
film 2, such as a silicon oxide film/a film of silicon oxide
(S10,) or a film of low-k material, 1s deposited on a
conductive layer 1a i which electronic devices are formed,
which 1s formed on a semiconductor base 1. A contact hole
3 and a trench 4 for interconnects are formed 1n the 1nsu-
lating film 2 by performing a lithography and etching
technique. Thereafter, a barrier layer 5 of TaN or the like 1s
formed on an entire surface, and a seed layer 7 as an electric
supply layer for electroplating 1s formed on the barrier layer
5.

Then, as shown 1n FIG. 85B, copper plating 1s performed
onto a surface of the substrate W to fill the contact hole 3 and
the trench 4 with copper and, at the same time, deposit a
copper f1lm 6 on the mnsulating film 2. Thereatter, the copper
film 6 on the insulating film 2 1s removed by performing
chemical mechanical polishing (CMP) so as to make a
surface of the copper film 6 filled 1n the contact hole 3 and
the trench 4 for interconnects and a surface of the mnsulating
f1lm 2 lie substantially in the same plane. An 1interconnection
composed of the copper film 6 as shown 1 FIG. 85C 1s thus
formed.

Components 1n various types ol equipment have recently
become finer and have required higher accuracy. As sub-
micro manufacturing technology has commonly been used,
properties of materials are largely influenced by a processing,
method. Under these circumstances, in such a conventional
machining method that a desired portion 1n a workpiece 1s
physically destroyed and removed from a surface thereof by
a tool, a large number of defects may be produced to
deteriorate properties of the workpiece. Therefore, 1t
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2

becomes 1mportant to perform processing without deterio-
rating properties of materials.

Some processing methods, such as chemical polishing,
clectrolytic processing, and electrolytic polishing, have been
developed 1n order to solve this problem. In contrast with
conventional physical processing, these methods perform
removal processing or the like through chemical dissolution
reaction. Therefore, these methods do not suffer from
defects, such as formation of an altered layer and disloca-
tion, due to plastic deformation, so that processing can be
performed without deteriorating properties of materials.

Chemical mechanical polishing (CMP), for example, gen-
crally necessitates a complicated operation and control, and
needs a considerably long processing time. In addition, a
suflicient cleaning of a substrate must be conducted after a
polishing treatment. This also imposes a considerable load
on slurry or cleaning liquid waste disposal. Accordingly,
there 1s a strong demand for omitting CMP entirely or
reducing a load upon CMP. Also 1n this connection, it 1s to
be pointed out that though a low-k material, which has a low
dielectric constant, 1s expected to be predominantly used 1n
the future as a material for an insulating film of a semicon-
ductor substrate, the low-k material has a low mechanical
strength and therefore has difliculty 1n enduring stress
applied during CMP processing. Thus, also from this stand-
point, there 1s a demand for a technique that enables flat-
tening of a substrate without applying any stress thereto.

Further, a method has been reported which performs CMP
processing simultancously with plating, viz. chemical
mechanical electrolytic polishing. According to this method,
mechanical processing 1s performed to a growing surface of
a plating film, causing a problem of denaturing of a resulting

film.

In a case of the above-mentioned electrolytic processing,
or electrolytic polishing, processing proceeds through an
clectrochemical interaction between a workpiece and an
electrolytic solution (aqueous solution of NaCl, NaNO,, HF,
HCl, HNO,;, NaOH, and the like). Since an electrolytic
solution containing such an electrolyte must be used, con-
tamination ol a workpiece with the electrolyte cannot be
avoided.

In recent years, metals of the platinum group or their
oxides have become candidates for an electrode material for
use 1n forming a capacitor, which utilizes a high dielectric or
terroelectric material, on a semiconductor substrate. Among
them ruthenium, because of 1ts good film-forming properties
and good processibility for patterning, 1s being progressively
studied as a feasible matenial.

A ruthenium film can be formed on a substrate generally
by performing sputtering or CVD. In either method, depo-
sition of the ruthenium film on an entire front surface of a
substrate, including a peripheral region, 1s performed. As a
result, a ruthenium {film 1s formed also in the peripheral
region of the substrate and, 1n addition, a back surface of the
substrate 1s unavoidably contaminated with ruthenium.

The ruthenium film formed on or adhering to the periph-
eral region or back surface of the substrate, 1.e. a non-circuit
region of the substrate, 1s not only unnecessary, but can also
cause cross-contamination during later transfer, storage and
various processing steps of the substrate whereby, for
instance, performance ol a dielectric material can be low-
ered. Accordingly, during a process for forming a ruthenium
film or after peforming some treatments ol a formed ruthe-
nium {ilm, it 1s necessary to completely remove unnecessary
portions of this ruthenium film. Further, 1n a case of using
ruthenium as an electrode material for forming a capacitor,
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a step for removing part of a ruthenmium film formed on a
circuit region of a substrate 1s needed.

SUMMARY OF THE INVENTION

The present invention has been made 1n view of the above
situation 1n the related art. It 1s therefore an object of the
present mvention to provide an electrolytic processing
device which, while omitting a CMP treatment entirely or
reducing a load upon a CMP treatment to a least possible
extent, can process a conductive material formed on a
surface of a substrate to flatten material, or can remove
(clean) extraneous matter adhering to a surface of a work-
piece such as a substrate, and also to provide a substrate
processing apparatus i which the electrolytic processing,
device 1s 1ncorporated.

In order to achieve the above object, the present invention
provides an electrolytic processing device, comprising: a
processing electrode to be brought into contact with or close
to a workpiece; a feeding electrode for supplying electricity
to the workpiece; an 10on exchanger disposed in at least one
ol spaces between the workpiece and the processing elec-
trode, and between the workpiece and the feeding electrode;
a power source for applying a voltage between the process-
ing electrode and the feeding electrode; and a liquid supply
section for supplying a liquid to the space between the
workpiece and at least one of the processing electrode and
the feeding electrode, in which the 1on exchanger 1s present.

FIGS. 1 and 2 illustrate a principle of electrolytic pro-
cessing ellected 1n the above electrolytic processing device.
FIG. 1 shows an 1onic state in the electrolytic processing
device when a 10n exchanger 12a mounted on a processing
clectrode 14 and a 10n exchanger 1256 mounted on a feeding
clectrode 16 are brought into contact with or close to a
surface of a workpiece 10, while a voltage 1s applied via a
power source 17 between the processing electrode 14 and
the feeding electrode 16, and a liquid 18, e.g. ultrapure
water, 1s supplied from a liquid supply section 19 between
the processing electrode 14, the feeding electrode 16 and the
workpiece 10. FIG. 2 shows an 10ni1c state 1n the electrolytic
processing device when the 1on exchanger 12¢ mounted on
the processing electrode 14 1s brought into contact with or
close to the surface of the workpiece 10 and the feeding
clectrode 16 1s directly contacted with the workpiece 10,
while a voltage 1s applied via the power source 17 between
the processing electrode 14 and the feeding electrode 16, and
the liquid 18, such as ultrapure water, 1s supplied from the
liquad supply section 19 between the processing electrode 14
and the workpiece 10.

When a liquid like ultrapure water that 1n itself has a large
resistivity 1s used, 1t 1s preferred to bring the 10n exchanger
12a 1nto contact with the surface of the workpiece 10. This
can lower electric resistance, lower a requisite voltage and
reduce power consumption. The “contact” in the present
clectrolytic processing does not imply “press™ for applying
a physical energy (stress) to a workpiece as in CMP.

Water molecules 20 1n the liquid 18 such as ultrapure
water are dissociated by the 1on exchangers 12a, 126 to
hydroxide 10ons 22 and hydrogen 1ons 24. The hydroxide 1ons
22 thus produced, for example, are carried, by an electric
field between the workpiece 10 and the processing electrode
14 and by flow of the liquid 18, to the surface of the
workpiece 10 opposite to the processing electrode 14
whereby a density of the hydroxide 10ons 22 1n the vicinity of
the workpiece 10 1s enhanced, and the hydroxide 1ons 22 are
reacted with atoms 10a of the workpiece 10. A reaction
product 26 produced by this reaction 1s dissolved in the
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liquid 18, and removed from the workpiece 10 by flow of the
liguid 18 along the surface of the workpiece 10. Removal
processing of the surface of the workpiece 10 1s thus
ellected.

As will be appreciated from the above, removal process-
ing according to the present invention 1s eflected purely by
an electrochemical interaction between reactant 10ns and the
workpiece. The present electrolytic processing thus clearly
differs 1n a processing principle from CMP according to
which processing 1s effected by a combination of a physical
interaction between an abrasive and a workpiece, and a
chemical interaction between a chemical species 1 a pol-
1shing liquid and the workpiece.

According to the above-described method, a portion of
the workpiece 10 facing the processing electrode 14 1s
processed. Therefore, by moving the processing electrode
14, the workpiece 10 can be processed 1nto a desired surface
configuration.

As described above, removal processing of the electro-
lytic processing device of the present invention 1s eflected
solely by a dissolution reaction due to an electrochemical
interaction, and 1s clearly distinct from the processing prin-
ciple from CMP in which processing 1s eflected by the
combination of the physical interaction between an abrasive
and a workpiece, and the chemical interaction between a
chemical species 1n a polishing liquid and the workpiece.
Accordingly, the electrolytic processing device of the
present 1nvention can conduct removal processing of a
surface of a workpiece without impairing properties of
material of the workpiece. Even when the material of a
workpiece 1s of a low mechanical strength, such as the
above-described low-k material, removal processing of the
surface of the workpiece can be eflected without any physi-
cal damage to the workpiece. Further, as compared to
conventional electrolytic processing devices, the electrolytic
processing device of the present invention, due to use of a
processing liquid having an electric conductivity of not more
than 500 uS/cm, preferably pure water, more preferably
ultrapure water, can remarkably reduce contamination of the
surface ol a workpiece with impurities and can facilitate
disposal of waste liquid after processing.

The liqud may be pure water, a liquid having an electric
conductivity (referring herein to that at 25° C., 1 atm) of not
more than 500 uS/cm, or an electrolytic solution.

Pure water may be a water having an electric conductivity
of not more than 10 uS/cm. Use of pure water 1n electrolytic
processing enables a clean processing without leaving impu-
rities on a processed surface of a workpiece, whereby a
cleaning step after the electrolytic processing can be sim-
plified. Specifically, one or two-stages of cleaning may
suflice after the electrolytic processing.

It 1s also possible to use a liqud obtained by adding an
additive, such as a surfactant, to pure water or ultrapure
water, and having an electric conductivity of not more than
500 uS/cm, preferably not more than 50 uS/cm, more
preferably not more than 0.1 uS/cm (resistivity of not less
than 10 M£2-cm). Such a liquid can form a layer, which
functions to inhibit 10n migration evenly, at an interface
between a workpiece (e.g. substrate) and an 1on exchanger,
thereby moderating concentration of 1on exchange (metal
dissolution) to enhance flatness of a processed surface.

The additive plays a role to prevent local concentration of
ions (e.g. hydroxide 1ons (OH™)). It 1s noted 1n this regard
that “an equal processing (removal) rate at various points
over the entire processing surface™ 1s an important factor for
providing a flat processed surface. When a single electro-
chemical removal reaction 1s 1n progress, a local diflerence
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in a processing removal rate may be produced by a local
concentration of reactant i1ons. The local concentration of
reactant ions may be caused mainly by a deviation in an
clectric field intensity between a processing electrode and a
feeding electrode, and a deviation 1n distribution of reactant
ions 1n the vicinity of the surface of a workpiece. The local
concentration of reactant 1ons can be prevented by allowing
the additive, which plays a role to prevent local concentra-
tion of 10ns (e.g. hydroxide 10ns), to exist between a work-
piece and an ion exchanger.

An aqueous solution of a neutral salt such as NaCl or
Na,SQO,, an acid such as HCI or H,SO,, or an alkali such as
ammonia may be used as the electrolytic solution, and may
be properly selected according to properties of a workpiece.
When using electrolytic solution, it 1s better to use a low
concentration electrolytic solution for which electric con-
ductivity 1s not more than 300 uS/cm, to avoid much
contamination.

In one embodiment of the electrolytic processing device
of the present invention, the 1on exchanger 1s disposed
separately 1n the space between the processing electrode and
a workpiece, and in the space between the feeding electrode
and a workpiece. This prevents occurrence of “the so-called
short circuit” between the processing electrode and the
teeding electrode, and ensures a high processing efliciency.

According to another embodiment, the 1on exchanger 1s
disposed, as an integrated structure, in both of the spaces
between the processing electrode and a workpiece, and
between the feeding electrode and a workpiece. This facili-
tates production of the processing electrode and the feeding
electrode, and can further lower electric resistance.

According to still another embodiment, the ion exchanger
covers a surface, to be processed, of a workpiece, and 1s
disposed 1 both of the spaces between the processing
clectrode and the workpiece, and between the feeding elec-
trode and the workpiece. This makes 1t possible to easily and
quickly change the 1on exchanger covering a processing
surface of a workpiece when, for example, the 1on exchanger
1s stained.

In the above embodiments, the 1on exchanger may be
stretched between a supply shaft and a rewind shaift, and
taken up sequentially. This makes it possible to change the
ion exchanger by taking 1t up by a one-time use length when,
for example, the 1on exchanger 1s stained, whereby this
change operation can be conducted 1n a successive manner.

In the case of the 10on exchanger of this embodiment, the
processing eclectrode and the feeding electrode may be
mounted alternately on the 10n exchanger at a given pitch
along a length of the 10n exchanger. This eliminates a need
to provide electrode sections for supplying electricity sepa-
rately, and thus can simplity the device.

The 10n exchanger may have water-absorbing properties.
This allows a liquid such as ultrapure water to flow within
the 10n exchanger.

The 10on exchanger may have one or both of an anion-
exchange ability and a cation-exchange ability. An 1on
exchanger having an anion-exchange ability and an 1on
exchanger having a cation-exchange ability can be used
selectively according to a workpiece. Use of an 1on-ex-
changer having both of anion-and cation-exchange abilities
can broaden a range of processible materials and, 1 addi-
tion, can prevent formation ol impurities due to polarity.

The 10n exchanger may be covered with a porous body.
This can provide a workpiece with a flatter processed
surface. In this case, the i1on exchanger itsellf may be
composed of a porous body.
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According to a preferred embodiment, the electrolytic
processing device further comprises a regeneration section
for regenerating the 1on exchanger. By regenerating the 1on
exchanger during processing or 1n an 1nterval of processing
to remove extrancous matter, such as copper, from the 10on
exchanger, contamination of a new workpiece with matter
coming from the i1on exchanger can be prevented, and
turthermore, lowering of a processing efliciency and accu-
racy can be avoided.

The present invention also provides an electrolytic pro-
cessing device comprising: a processing electrode to be
brought 1nto contact with or close to a workpiece; a feeding
clectrode for supplying electricity to the workpiece; a power
source for applying a voltage between the processing elec-
trode and the feeding electrode; and a liquid supply section
for supplying pure water or a ligmad having an electric
conductivity of not more than 500 uS/cm between the
workpiece and the processing electrode.

FIG. 3 illustrates a principle of electrolytic processing
cllected by this electrolytic processing device. FIG. 3 shows
an 1onic state in the electrolytic processing device when a
processing electrode 14 and a feeding electrode 16 are
brought close to a surface of a workpiece 10, while a voltage
1s applied via a power supply source 17 between the pro-
cessing electrode 14 and the feeding electrode 16, and liquid
18, such as ultrapure water, 1s supplied from a liquid supply
section 19 between the processing electrode 14, the feeding
clectrode 16 and the workpiece 10.

Water molecules 20 i the liquid 18 such as ultrapure
water are dissociated into hydroxide 1ons 22 and hydrogen
ions 24. The hydroxide 1ons 22 thus produced are carried, by
an electric field between the workpiece 10 and the process-
ing electrode 14 and by the flow of the liquid 18, to the
surface of the workpiece 10 opposite to the processing
clectrode 14 whereby a density of the hydroxide ions 22 1n
the vicimity of the workpiece 10 1s enhanced, and the
hydroxide 1ons 22 are reacted with atoms 10a of the work-
piece 10. A reaction product 26 1s dissolved 1n the liquid 18,
and removed from the workpiece 10 by tlow of the liquid 18
along the surface of the workpiece 10. Removal processing
of the surface of the workpiece 10 1s thus effected.

Ultrapure water 1s preferably used as the liqud. By
“ultrapure water” 1s herein meant a water having an electric
conductivity of not more than 0.1 uS/cm. Use of ultrapure
water enables a cleaner processing without leaving impuri-
ties on a processed surface of a workpiece.

In the above-described electrolytic processing devices,
according to one embodiment of the present imnvention, at
least one of the processing electrode and the feeding elec-
trode 1s 1n the shape of a flat rectangular plate.

According to another embodiment, at least one of the
processing electrode and the feeding electrode 1s in the
shape of a column, and 1s disposed such that a central axis
thereof 1s parallel to a surface, to be processed, of a
workpiece. This allows at least one of the processing elec-
trode and the feeding electrode to linearly contact or get
close to a workpiece, thereby enhancing flatness of a pro-
cessed surface of the workpiece.

According to still another embodiment, at least one of the
processing electrode and the feeding electrode 1s 1n a spheri-
cal or oval spherical shape. This enables processing at a
point and processing of a curved surface.

According to still another embodiment, at least one of the
processing electrode and the {feeding electrode has a
depressed portion or a raised portion conforming to a
configuration of a workpiece, and processing of the work-
piece 1s conducted by allowing the workpiece to face the
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depressed or raised portion. For example, the processing
clectrode may have a depressed portion conforming to a
configuration of a peripheral portion of a substrate. Process-
ing of the substrate can be conducted by allowing the
peripheral portion of the substrate to be positioned in the
depressed portion, thereby removing a matenal, to be pro-
cessed, formed on or adhering to the peripheral portion
(bevel portion or edge portion). Thus, 1 this case, the
clectrolytic processing device 1s utilized as a bevel-etching
device for the substrate.

The above-described electrolytic processing devices of
the present invention may be constructed so that at least
between the processing electrodes and the workpiece, or
between the feeding electrodes and the workpiece, relative
movement 1s caused. This can produce a flow of the liquid,
such as ultrapure water, between a workpiece and at least
one of the processing and feeding electrodes, thereby eflec-
tively expelling unnecessary products, whereby flatness of a
processed surface of the workpiece can be enhanced.

The relative movement may be rotation, reciprocation,
eccentric rotation or scroll movement, or a combination
thereof.

Further according to the present invention, the processing,
clectrode and the feeding electrode may be disposed such
that one of the electrodes surrounds the other. This allows all
electric currents to flow from the feeding electrode to the
processing electrode through shortest routes, thereby
enhancing electric current efliciency and reducing electric
power consumption.

According to another embodiment, at least one of the
processing clectrode and the feeding electrode 1s 1n the
shape of a fan. This allows the processing electrode to face
a workpiece for a constant time in a radial direction,
whereby an electrolytic processing rate can be made con-
stant.

According to still another embodiment, at least one of the
processing electrode and the feeding electrode 1s disposed
linearly or 1n a circle.

The present invention provides a substrate processing
apparatus, comprising: a substrate carry-in and carry-out
section for carrying in and carrying out a substrate; an
clectrolytic processing device; and a transport device for
transporting the substrate between the substrate carry-in and
carry-out section and the electrolytic processing device The
clectrolytic processing device comprises a processing elec-
trode to be brought into contact with or close to a workpiece,
a feeding electrode for supplying electricity to the work-
piece, an 1on exchanger disposed 1n at least one of spaces
between the workpiece and the processing electrode, and
between the workpiece and the feeding electrode, a power
source for applying a voltage between the processing elec-
trode and the feeding electrode, and a liquid supply section
for supplying a liquid to the space between the workpiece
and at least one of the processing electrode and the feeding
clectrode, 1n which the 1on exchanger 1s present.

The present invention also provides a substrate processing,
apparatus, comprising: a substrate carry-in and carry-out
section for carrying in and carrying out a substrate; an
clectrolytic processing device; and a transport device for
transporting the substrate between the substrate carry-in and
carry-out section and the electrolytic processing device. The
clectrolytic processing device comprises a processing elec-
trode to be brought into contact with or close to a workpiece,
a feeding electrode for supplying electricity to the work-
piece, a power source for applying a voltage between the
processing electrode and the feeding electrode, and a liquid
supply section for supplying pure water or a liquid having an
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clectric conductivity of not more than 500 puS/cm between
the workpiece and the processing electrode.

In a preferred embodiment, the substrate processing appa-
ratus further comprises a cleaning device for cleaning a
substrate processed by the electrolytic processing device.

In another embodiment, the substrate processing appara-
tus further comprises a CMP device for chemical mechanical
polishing a surface of a substrate. In this case, the substrate

processing apparatus may Jlurther comprise a cleaning
device for cleaning a substrate polished by the CMP device.

In still another embodiment, the substrate processing
apparatus further comprises a film-forming device for form-
ing a film, as a portion to be processed, on a surface of a
substrate. In this case, the substrate processing apparatus
may further comprise at least one of a cleaning device for
cleaning a portion to be processed having been formed 1n the
film-forming device, and an annealing device for annealing
the portion to be processed.

Also 1n this case, the substrate processing apparatus may
turther comprise a bevel-etching device for etching a portion
to be processed formed 1n or adhering to a peripheral portion
of a substrate. In the bevel-etching device, etching of the
portion to be processed may be eflected by electrolytic
processing.

The substrate processing apparatus may further comprise
a film thickness-measuring section for measuring a film
thickness of a portion to be processed during or after
polishing in the CMP device. Moreover, the substrate pro-
cessing apparatus may further comprise a film thickness-
measuring section for measuring a film thickness of the
portion to be processed during or after film formation in the
film-forming device.

The film formation 1n the film-forming device may be
conducted by plating.

In still another embodiment, the substrate processing
apparatus further comprises a monitor for monitoring at least
one of electrolytic current and electrolytic voltage when
voltage 1s applied between the feeding electrode and the
processing electrode.

According to still another embodiment, the substrate
processing apparatus further comprises a drying device for
finally drying a processed substrate. This can realize the
so-called “dry-in, dry-out”.

According to still another embodiment, the substrate
processing apparatus momnitors a change i1n a state of a
substrate being processed and detects an end point of
processing. By the “endpoint of processing™ 1s herein meant
a point at which a desired processing amount 1s attained for
a specified region 1n a surface to be processed, or a point at
which an amount corresponding to a desired processing
amount 1s attained 1n terms of a parameter correlated with a
processing amount for a specified region in a surface to be
processed. By thus arbitrarily setting and detecting the end
point of processing even during processing, it becomes
possible to conduct multi-step electrolytic processing.

According to still another embodiment, the substrate
processing apparatus further comprises a film-thickness
detection section for detecting an end point of processing.

The above and other objects, features, and advantages of
the present mvention will be apparent from the following
description when taken 1n conjunction with the accompa-
nying drawings which illustrate preferred embodiments of
the present invention by way of example.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram 1illustrating a principle of electrolytic
processing ellected 1n an electrolytic processing device in
accordance with the present invention when an 1on
exchanger 1s mounted on both of a processing electrode and
a feeding electrode, and a liquid 1s supplied between the
processing electrode, the feeding electrode and a substrate
(workpiece);

FIG. 2 1s a diagram 1illustrating a principle of electrolytic
processing ellected 1n an electrolytic processing device in
accordance with the present invention when an 1on
exchanger 1s mounted only on a processing electrode, and a
liquid 1s supplied between the processing electrode and a
substrate (workpiece);

FIG. 3 1s a diagram 1illustrating a principle of electrolytic
processing ellected 1n an electrolytic processing device in
accordance with the present mvention when a processing
clectrode and a feeding electrode are brought close to a
substrate, and pure water or a liguid having electric con-
ductivity of not more than 500 uS/cm 1s supplied between
the processing electrode, the feeding electrode and the
substrate (workpiece);

FIGS. 4A and 4B are plan views showing a layout of a
substrate processing apparatus according to a first embodi-
ment of the present invention;

FIG. 5 15 a vertical sectional front view of an electrolytic
processing device according to one embodiment of the
present invention, which 1s provided 1n the substrate pro-
cessing apparatus of FIG. 4;

FIG. 6 15 a plan view of the electrolytic processing device
of FIG. 5;

FIG. 7 1s a plan view of an electrode plate provided 1n the
clectrolytic processing device of FIG. 4;

FIG. 8 1s a cross-sectional view of another 1on exchanger;

FIGS. 9A and 9B are plan views of other electrode plates;

FIGS. 10A and 10B are plan views of still other electrode
plates;

FIGS. 11 A and 11B are plan views of still other electrode
plates;

FIG. 12 1s a plan view of still another electrode plate;

FIG. 13 1s a plan view of still another electrode plate;

FIGS. 14A and 14B are graphs showing a relationship
between electric current and time, and a relationship
between voltage applied and time, respectively, 1n electro-
lytic processing conducted to a surface of a substrate on
which a laminated film of two different materials 1s formed;

FIG. 15 1s a plan view showing a variation of the
clectrolytic processing device of FIG. §;

FIG. 16 1s a plan view showing a layout of a substrate
processing apparatus according to another embodiment of
the present invention;

FIG. 17 1s a cross-sectional view of an electrolytic pro-
cessing device according to another embodiment of the
present invention, which 1s provided 1n the substrate pro-
cessing apparatus of FIG. 16;

FIG. 18 1s a plan view of the electrolytic processing
device of FIG. 17;

FIG. 19A 1s a plan view showing a relationship between
a substrate holder and an electrode section of the electrolytic
processing device of FIG. 17, and FIG. 19B 1s a cross-
sectional view taken along line A—A of FIG. 19A;

FIG. 20 1s a plan view of an electrode plate used 1n a
variation of the electrolytic processing device of FIG. 17;

FIG. 21 1s a vertical sectional front view of the electrode
plate of FIG. 20;
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FIG. 22 1s a cross-sectional view of an electrolytic pro-
cessing device according to still another embodiment of the
present 1nvention;

FIG. 23 1s a plan view of the electrolytic processing
device of FIG. 22;

FIG. 24 1s a cross-sectional view of an electrolytic pro-
cessing device according to still another embodiment of the
present 1nvention;

FIG. 25 1s a plan view of the electrolytic processing
device of FIG. 24;

FIG. 26 1s a cross-sectional view of an electrolytic pro-
cessing device according to still another embodiment of the
present 1nvention;

FIG. 27 1s a plan view of the electrolytic processing
device of FIG. 26;

FIG. 28 1s a cross-sectional view of an electrolytic pro-
cessing device according to still another embodiment of the
present 1nvention;

FIG. 29 1s a plan view of the electrolytic processing
device of FIG. 28;

FIG. 30 1s a cross-sectional view of an electrolytic pro-
cessing device according to still another embodiment of the
present 1nvention;

FIG. 31 1s a plan view showing a layout of a substrate
processing apparatus according to still another embodiment
of the present 1nvention;

FI1G. 32 1s a schematic sectional view of a CMP device;

FIG. 33 1s a plan view showing a layout of a substrate
processing apparatus according to still another embodiment
of the present invention;

FIG. 34 1s a plan view showing a layout of a substrate
processing apparatus according to still another embodiment
of the present invention;

FIG. 35 15 a plan view showing a layout of a substrate
processing apparatus according to still another embodiment
of the present invention;

FIG. 36 15 a schematic sectional view of a plating device;

FIG. 37 1s a vertical sectional view of an annealing
device;

FIG. 38 1s a horizontal sectional view of the annealing
device;

FIG. 39 1s a plan view showing a layout of a substrate
processing apparatus according to still another embodiment
of the present imnvention 1n which a bevel-etching device 1s
incorporated;

FIG. 40 1s a schematic view of an electrolytic processing
device according to still another embodiment of the present
invention, which 1s utilized as a bevel-etching device;

FIG. 41 1s an enlarged sectional view of a main portion of
an electrolytic processing device according to still another
embodiment of the present invention, which 1s utilized as a
bevel-etching device;

FIG. 42 1s a cross-sectional view of an electrolytic pro-
cessing device according to still another embodiment of the
present invention, which 1s utilized as a bevel-etching
device;

FIG. 43 1s a plan view of the bevel-etching device of FIG.
42;

FIG. 44 1s a plan view showing a layout of a substrate
processing apparatus according to still another embodiment
of the present invention;

FIG. 45 1s a schematic plan view of an electrolytic
processing device according to still another embodiment of
the present invention;

FIG. 46 1s a schematic perspective view showing a
processing electrode and a feeding electrode of the electro-
lytic processing device of FIG. 45;
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FIG. 47 1s a schematic front view showing the processing
clectrode and the feeding electrode of the electrolytic pro-
cessing device of FIG. 45;

FIGS. 48 A and 48B are respectively perspective and front
views 1llustrating a case of mounting an 1on exchanger on a
rectangular electrode;

FIGS. 49 A and 49B are respectively perspective and front
views 1llustrating a case of mounting an 10n exchanger on a
column-shaped electrode;

FIG. 50 1s a schematic front view of other processing and
teeding electrodes;

FIG. 51 1s a schematic front view of still other processing,
and feeding electrodes;

FIG. 52 1s a schematic front view of still other processing
and feeding electrodes;

FIG. 53 1s a schematic front view of still other processing,
and feeding electrodes;

FIGS. 54A and 54B are diagrams illustrating diflerent
arrangements ol processing and feeding electrodes relative
to a substrate:

FIG. 55 1s a schematic front view of another processing
clectrode, feeding electrode and 10n exchanger;

FIG. 56 1s a schematic front view of still another pro-
cessing clectrode, feeding electrode and 10n exchanger;

FIG. 57 1s a cross-sectional view of an electrolytic pro-
cessing device according to still another embodiment of the
present ivention;

FIG. 58 1s a plan view of the electrolytic processing
device of FIG. 57,

FIG. 59 1s a perspective view of still another 1on
exchanger;

FIG. 60 15 a front view of the 10n exchanger of FIG. 59;

FIGS. 61A and 61B are respectively front and perspective
views showing still another arrangement of processing and
teeding electrodes;

FIG. 62 1s a plan view showing still another arrangement
of processing and feeding electrodes;

FIG. 63 1s a plan view showing still another arrangement
of processing and feeding electrodes;

FIG. 64 1s a schematic perspective view of an electrolytic
processing device according to still another embodiment of
the present invention;

FIG. 65 1s a schematic side view of the electrolytic
processing device of FIG. 64;

FIG. 66 1s a cross-sectional view of an electrolytic pro-
cessing device according to still another embodiment of the
present mvention;

FIG. 67 1s a plan view of the electrolytic processing
device of FIG. 66;

FIG. 68 1s a schematic front view of an electrolytic
processing device according to still another embodiment of
the present mnvention;

FIG. 69 1s a schematic front view of an electrolytic
processing device according to still another embodiment of
the present invention;

FIG. 70 1s a vertical sectional view of an electrolytic
processing device according to still another embodiment of
the present invention;

FIG. 71 1s a plan view of the electrolytic processing
device of FIG. 70;

FI1G. 72 1s a schematic perspective view of an electrolytic
processing device according to still another embodiment of
the present invention, which 1s utilized as a bevel-etching
device;
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FIG. 73 1s a schematic perspective view of an electrolytic
processing device according to still another embodiment of
the present invention, which 1s utilized as a bevel-etching
device;

FIG. 74 1s a diagram 1llustrating a state of a substrate after

undergoing electrolytic processing in the electrolytic pro-
cessing device (bevel-etching device) of FIG. 72 or of FIG.
73;

FIG. 75 1s a cross-sectional view of an electrolytic pro-
cessing device according to still another embodiment of the
present invention, which 1s utilized as a bevel-etching
device;

FIG. 76 1s a plan view of the electrolytic processing
device of FIG. 75;

FIG. 77 1s a plan view showing a variation of the
clectrolytic processing device of FIG. 75;

FIG. 78 1s a schematic front view of an electrolytic
processing device according to still another embodiment of
the present invention;

FIG. 79 1s a schematic perspective view of an electrolytic
processing device according to still another embodiment of
the present invention;

FIG. 80 1s a schematic front view of the electrolytic
processing device of FIG. 79;

FIG. 81 1s a schematic front view of an electrolytic
processing device according to still another embodiment of
the present mvention;

FIG. 82 i1s a schematic front view of the electrolytic
processing device of FIG. 81;

FIG. 83 1s a schematic front view of an electrolytic
processing device according to still another embodiment of
the present invention;

FIG. 84 1s a schematic front view of the electrolytic
processing device of FIG. 83;

FIGS. 85A through 85C are diagrams illustrating
sequence of process step, for forming copper interconnects;

FIG. 86 1s a schematic view of an electrolytic processing,
device according to still another embodiment of the present
invention; and

FIG. 87 1s a schematic view of an electrolytic processing
device according to still another embodiment of the present
invention.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1l

Preferred embodiments of the present invention will now
be described with reference to the drawings.

FIG. 4A shows a plan view of a substrate processing
apparatus according to a first embodiment of the present
invention. FIGS. 5 through 7 show an electrolytic processing
device according to a first embodiment of the present
invention which 1s used 1n the substrate processing appara-
tus. Though this embodiment uses a substrate as a workpiece
to be processed by the electrolytic processing device, a
workpiece other than a substrate can, ol course, also be
employed.

As shown 1n FIG. 4A, the substrate processing apparatus
comprises a pair of loading/unloading units 30 as a carry-in
and carry-out section for carrying in and carrying out a
cassette housing a substrate W, e.g. a substrate W as shown
in FIG. 85B, which has on its surface a copper film 6 as a
conductor film (portion to be processed), a reversing
machine 32 for reversing the substrate W, a pusher 34 for
transierring the substrate W, and an electrolytic processing
device 36. A fixed-type transport robot 38 1s provided
between the loading/unloading units 30, the reversing
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machine 32 and the pusher 34 as a transport device for
transporting the substrate W therebetween. The substrate
processing apparatus 1s also provided with a monitor 42 for
monitoring a voltage applied between below-described pro-
cessing electrodes 30 and feeding electrodes 52 upon elec-
trolytic processing 1n the electrolytic processing device 36,
or an electric current flowing therebetween.

As shown 1n FIG. 3, the electrolytic processing device 36
includes a substrate holder 46, supported at a free end of a
swingable arm 44 that can swing horizontally, for attracting
and holding the substrate W with 1ts front surface downward
(so-called “face down” manner), and, positioned beneath the
substrate holder 46, a disc-shaped electrode section 48 made
of an insulating material. As shown 1n FIG. 7, the electrode
section 48 has, embedded therein, fan-shaped processing
clectrodes 50 and feeding electrodes 52 that are disposed
alternately with their surfaces (upper faces) exposed. A
film-like 1on exchanger 56 1s mounted on an upper surface
ol the electrode section 48 so as to cover the surfaces of the
processing electrodes 50 and the feeding electrodes 52.

This embodiment uses, merely as an example of the
clectrode section 48 having the processing electrodes 50 and
the feeding electrodes 52, such one that has a diameter more
than twice that of the substrate W so that an entire surface
of the substrate W may undergo electrolytic processing.

The 10n exchanger 56 may be a nonwoven fabric which
has an anion-exchange ability or a cation-exchange ability.
A cation exchanger preferably carries a strongly acidic
cation-exchange group (sulfonic acid group); however, a
cation exchanger carrying a weakly acidic cation-exchange
group (carboxyl group) may also be used. Though an anion
exchanger preferably carries a strongly basic anion-ex-
change group (quaternary ammomum group), an anion
exchanger carrying a weakly basic anion-exchange group
(tertiary or lower amino group) may also be used.

A nonwoven fabric carrying a strongly basic anion-
exchange group can be prepared by, for example, the fol-
lowing method: A polyolefin nonwoven fabric having a fiber
diameter of 20-30 um and a porosity of about 90% 1s
subjected to so-called radiation grait polymerization, com-
prising v-ray irradiation onto the nonwoven fabric and a
subsequent graft polymerization, thereby introducing graft
chains; and the graft chains thus introduced are then ami-
nated to introduce quaternary ammonium groups thereinto.
A capacity of 1on-exchange groups introduced can be deter-
mined by an amount of the grait chains introduced. The graft
polymerization may be conducted by use of a monomer such
as acrylic acid, styrene, glicidyl methacrylate, sodium sty-
renesulfonate or chloromethylstyrene. The amount of the
grait chains can be controlled by adjusting monomer con-
centration, reaction temperature and reaction time. Thus, a
degree of grafting, 1.e. a ratio of weight of the nonwoven
tabric after grait polymerization to weight of the nonwoven
tabric before grait polymerization, can be made 500% at 1ts
maximum. Consequently, a capacity of the ion-exchange
groups 1ntroduced after grait polymerization can be made 5
meg/g at 1ts maximuim.

A nonwoven fabric carrying a strongly acidic cation-
exchange group can be prepared by the following method:
As 1n the case of the nonwoven fabric carrying a strongly
basic anion-exchange group, a polyolefin nonwoven fabric
having a fiber diameter of 20—350 um and a porosity of about
90% 1s subjected to the so-called radiation graft polymer-
ization comprising vy-ray irradiation onto the nonwoven
tabric and subsequent graft polymerization, thereby intro-
ducing graft chains; and the graft chains thus introduced are
then treated with a heated sulturic acid to introduce sulifonic
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acid groups thereinto. If the graft chains are treated with a
heated phosphoric acid, phosphate groups can be introduced.
A degree of grafting can reach 500% at 1ts maximum, and a
capacity of 1on-exchange groups thus introduced aiter graft
polymerization can reach 5 meqg/g at 1ts maximum.

A base material of the 1on-exchanger 56 may be a poly-
olefin such as polyethylene or polypropylene, or any other
organic polymer. Further, besides the form of a nonwoven
fabric, the 1on-exchanger may be 1n the form of a woven
fabric, a sheet, a porous material, short fibers, and the like.

When polyethylene or polypropylene 1s used as the base
material, grait polymerization can be eflected by first 1rra-
diating radioactive rays (y-rays or electron beam) onto the
base material (pre-irradiation) to thereby generate a radical,
and then reacting the radical with a monomer, whereby
umiform graft chains with few 1mpurities can be obtained.
When an organic polymer other than polyolefin 1s used as
the base material, on the other hand, radical polymerization
can be effected by impregnating the base material with a
monomer and 1rradiating radioactive rays (y-rays, electron
beam or UV-rays) onto the base maternial (simultaneous
irradiation). Though this method fails to provide uniform
graft chains, 1t 1s applicable to a wide variety of base
materials.

By using as the ion exchanger 56 a nonwoven fabric
having an anion-exchange ability or a cation-exchange abil-
ity, 1t becomes possible that pure water or ultrapure water, or
a liquid such as an electrolytic solution can freely move
within the nonwoven fabric and easily arrive at active points
in the nonwoven fabric having a catalytic activity for water
dissociation, so that many water molecules are dissociated
into hydrogen 1ons and hydroxide 1ons. Further, by move-
ment of pure water or ultrapure water, or a liquid such as an
clectrolytic solution, the hydroxide 1ons produced by the
water dissociation can be efliciently carried to the surface of
the processing electrode 50, whereby a high electric current
can be obtained even with a low voltage applied.

When the 1on exchanger 36 has only one of anion-
exchange ability and cation-exchange ability, a limitation 1s
imposed on electrolytically processible materials and, 1n
addition, impurities are likely to form due to polarity. In
order to solve this problem, the 1on exchanger 56 may have
such a structure as shown 1n FIG. 8 wherein anion-exchang-
ers 56a having an amon-exchange ability and cation-ex-
changers 565 having a cation-exchange ability are concen-
trically disposed to constitute an integral structure. The
anion-¢xchangers and the cation-exchangers may be super-
imposed on a surface, to be processed, of a substrate. It may
also be possible to make the anion-exchangers and the
cation-exchangers each in the shape of a fan, and dispose
them alternately. Alternatively, the above problem can be
solved by using, as the 10n exchanger 56, an 10n-exchanger
which 1n 1tself carries both of an anion-exchange group and
a cation-exchange group. Such an 1on exchanger may
include an amphoteric 1on exchanger 1n which anion-ex-
change groups and cation-exchange groups are distributed
randomly, a bipolar 10n exchanger in which anion-exchange
groups and cation-exchange groups are present in layers, and
a mosaic 1on exchanger in which portions containing anion-
exchange groups and portions containing cation-exchange
groups are present in parallel mn a thickness direction.
Incidentally, it 1s of course possible to selectively use, as the
ion exchanger 56, one having an anion-exchange ability or
one having a cation-exchange ability according to material
to be processed.

As shown 1n FIG. 5, the swingable arm 44, which moves
up and down via a ball screw 62 by actuation of a motor 60
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for vertical movement, 1s connected to an upper end of a
shaft 66 that rotates by actuation of a motor 64 for swinging.
The substrate holder 46 1s connected to a motor 68 for
rotation that 1s mounted on a free end of the swingable arm
44, and 1s allowed to rotate by actuation of the motor 68 for
rotation.

The electrode section 48 1s connected directly to a hollow
motor 70, and 1s allowed to rotate by actuation of the hollow
motor 70. A through-hole 48a as a pure water supply section
for supplying pure water, preferably ultrapure water, is
formed 1n a central portion of the electrode section 48. The
through-hole 48a 1s connected to a pure water supply pipe 72
that vertically extends inside the hollow motor 70. Pure
water or ultrapure water 1s supplied through the through-
hole 48a, and via the 10n exchanger 36, 1s supplied to an
entire processing surface of the substrate W. A plurality of
through-holes 48a, each communicating with the pure water
supply pipe 72, may be provided to facilitate this processing
liquid reaching over the entire processing surface of the
substrate W.

Further, a pure water nozzle 74 as a pure water supply
section for supplying pure water or ultrapure water, extend-
ing 1 a radial direction of the electrode section 48 and
having a plurality of supply ports, 1s disposed above the
clectrode section 48. Pure water or ultrapure water 1s thus
supplied to the surface of the substrate W from above and
beneath the substrate W. Pure water herein refers to a water
having an electric conductivity of not more than 10 uS/cm,
and ultrapure water refers to a water having an electric
conductivity of not more than 0.1 uS/cm. Instead of pure
water, a liquid having an electric conductivity of not more
than 500 uS/cm or any electrolytic solution may be used. By
supplying such a processing liquid during processing, insta-
bility factors of processing, such as process products and
dissolved gases, can be removed, and processing can be
ellected uniformly with good reproducibility.

According to this embodiment, as shown 1 FIG. 5 and
FIG. 7, fan-shaped electrode plates 76 are disposed in the
clectrode section 48, and a cathode and anode of a power
source 80 are alternately connected, via a slip ring 78, to the
clectrode plates 76. The electrode plates 76 connected to the
cathode of the power source 80 become the processing
clectrodes 50 and the electrode plates 76 connected to the
anode become the feeding electrodes 32. This applies to
processing of e.g. copper, because electrolytic processing of
copper proceeds on the cathode side. Depending upon a
material to be processed, a cathode side can be a feeding
clectrode and an anode side can be a processing electrode.
More specifically, when the material to be processed 1is
copper, molybdenum, 1ron or the like, electrolytic process-
ing proceeds on the cathode side, and therefore the electrode
plates 76 connected to the cathode of the power source 80
should be the processing electrodes 30 and the electrode
plates 76 connected to the anode should be the feeding
electrodes 52. In a case of aluminum, silicon or the like, on
the other hand, electrolytic processing proceeds on the
anode side. Accordingly, the electrode plates connected to
the anode of the power source should be the processing
clectrodes and the electrode plates connected to the cathode
should be the feeding electrodes.

In a case where a to-be-processed material 1s a conductive
oxide such as tin oxide or indium tin oxide (ITO), electro-
lytic processing 1s performed after reducing the to-be-
processed material. More specifically, with reference to
FIGS. 5 and 7, the electrode plates connected to the anode
of the power source 80 serve as reduction electrodes and the
clectrode plates connected to the cathode serve as feeding
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clectrodes to eflect reduction of the conductive oxide. Sub-
sequently, processing of this reduced conductive material 1s
performed by making previous feeding electrodes serve as
processing electrodes. Alternatively, a polarity of the reduc-
tion electrodes at a time of reduction of the conductive oxide
may be reversed so that the reduction electrodes can serve as
processing electrodes. Removal processing of the conduc-
tive oxide may also be eflected by making the to-be-
processed material serve as a cathode and allowing 1t to face
anode electrodes.

Though this embodiment shows a case in which fan-
shaped electrode plates 76 are separated from one another by
ribs 485 of the electrode section 48 which 1s composed of an
insulating matenal, the ribs 485 may also be formed as a
separate body ol another insulating material so that pure
water or the like can be supplied through interspaces
between the insulating material.

By thus disposing the processing electrodes 50 and the
teeding electrodes 52 separately and alternately 1n a circum-
terential direction of the electrode section 48, fixed feeding
portions to supply electricity to a conductive film (portion to
be processed) of the substrate are not needed, and processing
can be effected to an entire surface of the substrate. Further,
by changing positive and negative in a pulse manner, an
clectrolysis product can be dissolved and flatness of a
processed surface can be enhanced by multiplex repetition
ol processing.

With respect to processing electrode 50 and feeding
electrode 52, oxidation or dissolution thereof due to an
clectrolytic reaction 1s generally a problem. In view of this,
it 1s preferred to use, as a base material of the feeding
clectrode 52, carbon, a noble metal that 1s relatively 1mactive,
a conductive oxide or a conductive ceramic, rather than a
metal or metal compound widely used for electrodes. A
noble metal-based electrode may, for example, be one
obtained by plating or coating platinum or iridium onto a
titanium electrode, and then sintering this coated electrode at
a high temperature to stabilize and strengthen the electrode.
Ceramic products are generally obtained by heat-treating
inorganic raw materials, and ceramic products having vari-
ous properties are produced from various raw materials
including oxides, carbides and nitrides of metals and non-
metals. Among them there are ceramics having an electric
conductivity. When an electrode 1s oxidized, a value of
clectric resistance generally increases to cause an increase of
applied voltage. However, by protecting a surface of an
clectrode with a non-oxidative material such as platinum or
with a conductive oxide such as an 1ridium oxide, decrease
ol electric conductivity due to oxidation of a base material
ol an electrode can be prevented.

The processing electrodes 30 and the feeding electrodes
52 may be disposed as shown in FIG. 9A: Pairs of the
processing electrodes 50 and the feeding electrodes 52, each
pair sandwiching an insulator 82a, are disposed, within the
clectrode section 48, 1n a fan-shaped region ranging from a
center to a periphery of the electrode section 48 so that the
number of the pairs gradually increases from the center to
the periphery of the electrode section 48. With this arrange-
ment, the electrode section 48 and the substrate W are
rotated, and an electric current per unit area, 1.e. current
density, becomes even between a central portion of the
clectrode section 48 where a relative speed to the substrate
W 1s low and a peripheral portion of the electrode section 48
where the relative speed to the substrate W 1s high, whereby
an electrolytic processing rate can be made constant over an
entire surface of the substrate W. This arrangement 1is
adapted not only to this embodiment 1n which the substrate
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W 1s positioned on one side across the center of the electrode
section 48, but also to a case in which the electrode portion
48, which 1s slightly larger than the substrate, 1s allowed to
rotate about the center of the substrate W (see FIG. 17 and
FIG. 18).

As a modification of the above electrode arrangement, as
shown 1n FIG. 9B, 1t 1s possible to make the electrode
section 48 of a conductive material so that the electrode
section 48 itsell can function as the feeding electrode 52 (or
the processing clectrode 50), and embed the processing
clectrodes 50 (or the feeding electrodes 52), which are
separated by insulator 825, inside the electrode section 48.
This can reduce the number of wires.

Alternatively, as shown in FIG. 10A, one processing
clectrode 50 and one feeding electrode 52, adjacent to each
other and each 1n the shape of a fan extending from the
center towards the periphery of the electrode section 48, may
be disposed inside of the electrode section 48. Also 1n this
case, as shown i FIG. 10B, it is possible to make the
clectrode section 48 of a conductive material so that the
clectrode section 48 1itsell can function as the feeding
clectrode 52 (or the processing electrode 50), and embed the
processing electrode 50 (or the feeding electrode 52), which

1s separated by the insulator 825, inside the electrode section
48.

Alternatively, as shown 1n FIG. 11 A, pairs of the process-
ing electrodes 50 and the feeding electrodes 52, each pair
sandwiching the insulator 82a, may be disposed 1nside of the
clectrode section 48 such that a length of the processing
clectrode 50 and that of the feeding electrode 52 in a
circumierential direction gradually increases from the center
to the periphery of the electrode section 48. Also 1n this case,
as shown 1n FIG. 11B, it 1s possible to make the electrode
section 48 of a conductive material so that the electrode
section 48 itself can function as the feeding electrode 52 (or
the processing clectrode 50), and embed the processing
clectrodes 350 (or the feeding electrodes 52), which are

separated by the insulator 825, 1nside the electrode section
48.

Alternatively, as shown 1n FIG. 12, 1t 1s possible to make
the electrode section 48 of a conductive material so that the
clectrode section 48 1tsell can function as the feeding
clectrode 52 (or the processing electrode 50), and embed the
processing electrode 50, which 1s separated by the insulator
82b and extends spirally continuously, mside the electrode
section 48. Further, as shown i FIG. 13, the processing
clectrodes 50 and the feeding electrodes 52, extending like
a screw from the center to the periphery of the electrode
section 48, may be disposed inside of the electrode section
48 alternately, with the insulators 825 being sandwiched.

Furthermore, though not shown in the figures, it 1s of
course possible to distribute or dot the processing electrodes
and the feeding electrodes uniformly inside of the electrode
section 48.

Next, substrate processing (electrolytic processing) by the
substrate processing apparatus will be described by referring

to FIG. 4A.

First, a substrate W, e.g. a substrate W as shown in FIG.
85B which has on 1ts surface a copper film 6 as a conductor
f1lm (portion to be processed), 1s taken by the transport robot
38 out of the cassette housing substrates and set i1n the
loading/unloading unit 30. If necessary, the substrate W 1s
transported to the reversing machine 32 to reverse the
substrate so that the front surface of the substrate W having
the conductor film faces downward. The substrate W, with
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its front surface facing downward, 1s then transported by the
transport robot 38 to the pusher 34 to place the substrate W
on the pusher 34.

The substrate W on the pusher 34 1s attracted and held by
the substrate holder 46 of the electrolytic processing device
36, and the substrate holder 46 1s moved by the swingable
arm 44 to a processing position right above the electrode
section 48. The substrate holder 46 1s then lowered by
actuation of the motor 60 for vertical movement, so that the
substrate W held by the substrate holder 46 contacts or gets
close to the surface of the ion exchanger 56 mounted on the
upper surface of the electrode section 48.

It 1s to be noted here that when a liquid like ultrapure
water, which 1tsell has a large resistivity, 1s used, electric
resistance can be lowered by bringing the 1on exchanger 56
into contact with the substrate W, whereby a requisite
voltage can also be lowered and hence power consumption
can be reduced. The “contact” does not imply “press” for
applying a physical energy (stress) to a workpiece as 1n
CMP. Accordingly, the electrolytic processing device of this
embodiment employs the vertical-movement motor 60 for
bringing the substrate W into contact with or close to the
clectrode section 48, and does not have such a press mecha-
nism as usually employed 1n a CMP device that presses a
substrate against a polishing member. This holds also for the
below-described embodiments.

In this regard, according to a CMP device, a substrate 1s
pressed against a polishing surface generally at a pressure of
about 20-50 kPa, whereas in the electrolytic processing
device of this embodiment, the substrate W may be con-
tacted with the 1on exchanger 56 at a pressure of less than 20
kPa. Even at a pressure less than 10 kPa, a suflicient removal
processing eflect can be achieved.

Next, a given voltage 1s applied from the power source 80
(see FIG. 5) between the processing electrodes 50 and the
teeding electrodes 52, while the substrate holder 46 and the
clectrode section 48 are rotated. At the same time, pure water
or ultrapure water 1s supplied, through the through-hole 484,
from beneath the electrode section 48 to the upper surface
thereof, and simultaneously, pure water or ultrapure water 1s
supplied, through the pure water nozzle 74, from above the
clectrode section 48 to the upper surface thereof, thereby
filling pure water or ultrapure water into a space between the
processing and feeding electrodes 50, 52 and the substrate
W. Thereby, electrolytic processing of a conductor film
(copper film 6) formed on the substrate W 1s eflected by
hydrogen 1ons or hydroxide 1ons produced in the 1on
exchanger 36. According to the above electrolytic process-
ing device, a large amount of hydrogen 10ons or hydroxide
ions can be produced by allowing pure water or ultrapure
water to flow within the ion exchanger 56, and the large
amount of such 1ons can be supplied to the surface of the
substrate W, whereby the electrolytic processing can be
conducted efliciently.

More specifically, by allowing pure water or ultrapure
water to flow within the 1on exchanger 56, a suilicient
amount of water can be supplied to a functional group
(sulfonic acid group in the case of an 10on exchanger carrying
a strongly acidic cation-exchange group) thereby to increase
an amount of dissociated water molecules, and a process
product (including a gas) formed by a reaction between the
conductor film (copper film 6) and hydroxide 1ons (or OH
radicals) can be removed by tlow of water, whereby pro-
cessing elliciency can be enhanced. Flow of pure water or
ultrapure water 1s thus necessary, and the flow of water
should desirably be constant and uniform. This constancy
and uniformity of the flow of water leads to constancy and
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uniformity 1 supply of ions and removal of the process
product, which 1n turn leads to constancy and uniformity in
processing. This embodiment 1s not a soak type. Compared
with a soak type apparatus, this not-soak type apparatus 1s
simple 1 an arrangement because there 1sn’t a necessity to
control contamination of liquid 1n a container.

The monitor 42 monitors the voltage applied between the
processing electrodes 50 and the feeding electrodes 52 or the
clectric current flowing therebetween to detect an end point
(terminal of processing). It 1s noted in this connection that 1n
clectrolytic processing an electric current (applied voltage)
varies, depending upon material to be processed, even with
the same voltage (electric current). For example, as shown
in FIG. 14A, when an electric current 1s monitored in
clectrolytic processing of a surface of a substrate W to which
a film of material B and a film of material A are laminated
in this order, a constant electric current 1s observed during
processing of material A, but 1t changes upon shift to
processing of different material B. Likewise, as shown in
FIG. 14B, though a constant voltage i1s applied between the
processing electrodes 50 and the feeding electrodes 352
during the processing of material A, the voltage applied
changes upon shift to the processing of the different material
B. FIG. 14 A 1llustrates, by way of example, a case in which
an electric current 1s harder to flow 1n electrolytic processing
of material B compared to electrolytic processing of material
A, and FIG. 14B 1illustrates a case i which the applied
voltage becomes higher 1n electrolytic processing of mate-
rial B compared to electrolytic processing of material A. As
will be appreciated from the above-described example,
monitoring of changes in electric current or 1n voltage can
surely detect an end point.

Though this embodiment shows a case where the monitor
42 monitors the voltage applied between the processing
clectrodes 50 and the feeding electrodes 52, or the electric
current flowing therebetween to detect the end point of
processing, it 1s also possible to allow the momitor 42 to
monitor a change in a state of a substrate being processed to
detect an arbitrarily set end point of processing. In this case,
the end point of processing refers to a point at which a
desired processing amount 1s attained for a specified region
in a surface to be processed, or a point at which an amount
corresponding to a desired processing amount 1s attained 1n
terms of a parameter correlated with a processing amount for
a specified region in a surface to be processed. By thus
arbitrarily setting and detecting the end point of processing
even during processing, it becomes possible to conduct a
multi-step electrolytic processing. This holds also for the
below-described embodiments.

In this connection, as shown 1n FIG. 4B, 1t 1s possible to
form a window extending through the electrode section 48
for transmitting a light therethrough and provide beneath the
clectrode section 48 a film-thickness sensor (film-thickness
detection section) S having a light-emitting section for
emitting a light and a light-receiving section for receiving a
light. The film-thickness sensor S can measure a film thick-
ness of a portion, to be processed, being processed 1n situ
based on a detected change 1n intensity of reflected light. The
end point of processing can be detected based on results of
this film-thickness measurement.

After completion of the electrolytic processing, the power
source 80 1s disconnected, and the rotation of the substrate
holder 46 and of the electrode section 48 1s stopped. There-
after, the substrate holder 46 1s raised, and is carried to the
pusher 34 by the swingable arm 44 to place the substrate W
on the pusher 34. The transport robot 38 takes the substrate
W from the pusher 34 and, if necessary, transports the
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substrate to the reversing machine 32 for reversing 1t, and
then returns the substrate W to the cassette in the loading/
unloading umt 30.

When electrolytic processing of a workpiece 1s conducted
without interposing an 1on exchanger between the process-
ing eclectrode and the workpiece, the electric resistance 1s
proportional to “the distance between the workpiece and the
processing electrode (electrode-to-electrode distance)”. This
1s because as a distance of 10n migration becomes smaller,
less energy 1s required for 10n migration. In the presence of

ultrapure water, for example, the electric resistance 1s 18.25
ME2 (0.54 pA at a voltage of 10 V) at an electrode-to-

clectrode distance of 1 cm, and 1.825 K€ (5.4 mA at a
voltage of 10 V) at an electrode-to-electrode distance of 1
L.

In the case where an 10n exchanger 1s interposed between
the processing electrode and the workpiece, when the 10n
exchanger 1s brought close to the workpiece, but not into
contract with 1t, the electric resistance 1s basically propor-
tional to the “distance between the workpiece and the
surface of the 10n exchanger” as in the above case. When the
ion exchanger 1s contacted with the workpiece, however, the
clectric resistance decreases to a further degree. This 1s
ascribable to a large diflerence 1n 1on concentration between
an 1nside and outside of the 1on exchanger.

More specifically, inside of the 10n exchanger, electrolytic
dissociation of ultrapure water 1s promoted by a catalytic
action whereby a concentration of i1ons (H™ and OH7)
increases. Thus, the mside of the 1on exchanger, due to the
presence ol an 1on-exchange group, becomes a special field
in which a high concentration of ions 1s (or can be) accu-
mulated. Outside of the 1on exchanger, on the other hand,
due to the absence of an 1on-exchange group, the 1ons tend
to return to an original state (H,O) whereby the 10n con-
centration 1s remarkably lower.

Accordingly, by bringing the ion exchanger into contact
with the workpiece, the electric resistance can be kept at a
certain low level wrrespective of the distance between the
workpiece and the processing electrode when the 1on
exchanger 1s 1n contact with the workpiece.

This embodiment shows a case of supplying pure water,
preferably ultrapure water, between the electrode section 48
and the substrate W. Use of pure water or ultrapure water
containing no electrolyte upon electrolytic processing can
prevent impurities such as an electrolyte from adhering to
and remaining on the surface of the substrate W. Further,
copper 1ons or the like dissolved during electrolytic pro-
cessing are immediately caught by the 1on exchanger 56
through an i1on-exchange reaction. This can prevent dis-
solved copper 10ns or the like from re-precipitating on other
portions of the substrate W, or from being oxidized to
become fine particles which contaminate the surface of the
substrate W.

Ultrapure water has a high resistivity, and therefore an
clectric current 1s hard to flow therethrough. A lowering of
the electric resistance 1s caused by making the distance
between the electrode and a workpiece as small as possible,
or by interposing the 1on exchanger between the electrode
and a workpiece. Further, an electrolytic solution, when used
in combination with ultrapure water, can further lower the
clectric resistance and reduce power consumption. When
clectrolytic processing 1s conducted by using an electrolytic
solution, a portion of a workpiece that undergoes processing,
ranges over a slightly wider area than an area of the
processing electrode. In a case of combined use of ultrapure
water and the 1on exchanger, on the other hand, since almost
no electric current flows through ultrapure water, electric
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processing 1s elfected only within an area of a workpiece that
1s equal to an area of the processing electrode and the 10n
exchanger.

It 1s possible to use, mstead of pure water or ultrapure
water, an electrolytic solution obtained by adding an elec-
trolyte to pure water or ultrapure water. Use ol such an
clectrolytic solution can further lower the electric resistance
and reduce power consumption. A solution of a neutral salt
such as NaCl or Na,SO,, a solution of an acid such as HCI
or H,SO,, or a solution of an alkal1 such as ammonia, may
be used as the electrolytic solution, and these solutions may
be selectively used according to properties of a workpiece.
When the electrolytic solution 1s used, it 1s preferred to
provide a slight interspace between the substrate W and the
ion exchanger 56 so that they are not 1n contact with each
other. To avoid contamination of the wafer induced by an
clectrolytic solution, 1t 1s better to use a dilute electrolytic
solution for which electric conductivity 1s not more than 500
us/cm. Therefore, cleanliness of a processed workpiece can
be mcreased.

Further, 1t 1s also possible to use, 1instead of pure water or
ultrapure water, a liquid obtained by adding a surfactant to
pure water or ultrapure water, and having an electric con-
ductivity of not more than 500 uS/cm, preferably not more

than 50 uS/cm, more preferably not more than 0.1 uS/cm
(resistivity of not less than 10 M£2-cm). Due to presence of
a surfactant, the liquid can form a layer, which functions to
inhibit 10on migration evenly, at an interface between the
substrate W and the 1on exchanger 56, thereby moderating
concentration of 1on exchange (metal dissolution) to
enhance flatness of a processed surface. A surfactant con-
centration 1s desirably not more than 100 ppm. When a value
of electric conductivity 1s too high, current efliciency 1is
lowered and a processing rate 1s decreased. Use of the liquid
having an electric conductivity of not more than 500 uS/cm,
preferably not more than 50 uS/cm, more preferably not
more than 0.1 uS/cm, can attain a desired processing rate.

According to the present imnvention, the processing rate
can be considerably enhanced by interposing the 1on
exchanger 56 between the substrate W and the processing
and feeding electrodes 50, 52. In this regard, electrochemical
processing using ultrapure water 1s eflected by a chemical
interaction between hydroxide 10ons in ultrapure water and a
material to be processed. However, an amount of the
hydroxide 1ons acting as reactant in ultrapure water 1s as
small as 10~ mol/L under normal temperature and pressure
conditions, so that a removal processing etliciency can
decrease due to reactions (such as an oxide film-forming
reaction) other than a reaction for removal processing. It 1s
therefore necessary to increase hydroxide 1ons in order to
conduct removal processing efliciently. A method {for
increasing hydroxide ions 1s to promote the dissociation
reaction of ultrapure water by using a catalytic material, and
an 1on exchanger can be eflectively used as such a catalytic
material. More specifically, activation energy relating to
water-molecule dissociation reaction 1s lowered by an inter-
action between functional groups 1n an 1on exchanger and
water molecules, whereby dissociation of water 1s promoted
to thereby enhance the processing rate.

It may be possible to omit the ion exchanger 36, and
supply pure water or ultrapure water between the substrate
W and the processing and feeding electrodes 50, 52. Though
the processing rate 1s lowered by omission of the 1on
exchanger 56, the electrolytic processing 1s eflective espe-
cially for removing an extremely thin film. Moreover, this
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excludes a possibility that extra impurities such as an
clectrolyte will adhere to and remain on the surface of the
substrate W.

Further, according to this embodiment, the 1on exchanger
56 1s brought into contact with or close to the substrate W
upon electrolytic processing. When the 1on exchanger 56 1s
positioned close to the substrate W, though depending on the
distance therebetween, the electric resistance 1s large to
some degree and, therefore, a somewhat large voltage 1s
necessary to provide a requisite electric current density.
However, on the other hand, because of this non-contact
relationship, it 1s easy to form tlow of pure water or ultrapure
water along the surface of the substrate W, whereby a
reaction product produced on this substrate surface can be
ciliciently removed. In the case where the 1on exchanger 56
1s brought i1nto contact with the substrate W, the electric
resistance becomes very small and therefore only a small
voltage needs to be applied, whereby power consumption
can be reduced.

If a voltage 1s raised to increase a current density in order
to enhance the processing rate, an electric discharge can
occur when electric resistance between an electrode and a
substrate (workpiece) 1s large. An occurrence of electric
discharge causes pitching on a surface of the workpiece, thus
failing to forman even and flat processed surface. To the
contrary, since the electric resistance 1s very small when the
ion exchanger 56 1s in contact with the substrate W, occur-
rence of an electric discharge can be avoided.

When electrolytic processing of copper 1s conducted by
using, as the 1on exchanger 56, an 1on exchanger having a
cation-exchange group, the ion-exchange group of the 1on
exchanger (cation exchanger) 56 1s saturated with copper
alter processing, whereby processing efliciency ol a next
processing 1s lowered. When electrolytic processing of cop-
per 1s conducted by using, as the 1on exchanger 36, an 10n
exchanger having an anion-exchange group, fine particles of
a copper oxide can be produced and adhere to the surface of
the 10n exchanger (anion exchanger) 56, which particles can
contaminate a surface of a next substrate to be processed.

In order to obviate such drawbacks, as shown in FIG. 15,
a regeneration section 84 for regenerating the 1on exchanger
56 1s provided, and regeneration of the 10n exchanger 56 can
be effected during electrolytic processing. The regeneration
section 84 comprises a swingable arm 86 having a structure
similar to the swingable arm 44 that holds the substrate
holder 46 and positioned at an opposite side relative to the
swingable arm 44 across the electrode section 48, and a
regeneration head 88 held by the swingable arm 86 at a free
end thereof. In operation, a reverse electric potential to that
for processing 1s given to the 1on exchanger 56 from the
power source 80, thereby promoting dissolution of extrane-
ous matter such as copper adhering to the 10n exchanger 56.
The regeneration of the 10n exchanger 56 during processing
can thus be effected. This regenerated 1on exchanger 56 is
rinsed by pure water or ultrapure water supplied to the upper
surface of the electrode section 48.

FIG. 16 shows a layout of a substrate processing appa-
ratus according to another embodiment of the present inven-
tion. FIGS. 17 through 19 show an electrolytic processing
device according to another embodiment of the present
invention provided with the substrate processing apparatus.
In the description given below, the same members as in the
above-described embodiment are given the same reference
numerals, and description thereof 1s partly omitted. This
holds for all of the below-described embodiments.

As shown 1n FIG. 16, the substrate processing apparatus
comprises a pair of loading/unloading units 30 as a carry-in
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and carry-out section for carrying in and carrying out a
substrate W, reversing machine 32 for reversing the sub-
strate W, and an electrolytic processing device 36a, which
are disposed 1n series. A transport robot 38a as a transport
device 1s provided which can move parallel to these devices
for transporting and transierring the substrate W therebe-
tween. The substrate processing apparatus 1s also provided
with monitor 42 for monitoring a voltage applied between
processing electrode 50 and feeding electrode 32 upon
clectrolytic processing in the electrolytic processing device
364, or an electric current flowing therebetween.

In the electrolytic processing device 36a, electrode sec-
tion 48, in which the processing electrodes 50 and the
teeding electrodes 52 are embedded, 1s designed to have a
slightly larger diameter than that of the substrate W to be
held by the substrate holder 46. By actuation of hollow
motor 70, the electrode section 48 makes a revolutionary
movement with a distance between a central axis of the
hollow motor 70 and a central axis of the electrode section
48 as a radius, without rotation about 1ts own axis, 1.e. a
so-called scroll movement (translational rotation).

In this regard, as shown 1n FIGS. 19A and 19B, three or
more (four 1n FIG. 19A) of rotation-prevention mechanisms
400 are provided 1n a circumierential direction between the
clectrode section 48 and the hollow motor 70. In particular,
a plurality of depressions 402 and 404 are formed at equal
intervals 1n the circumierential direction at corresponding
positions 1n an upper surface of the hollow motor 70 and in
a lower surface of the electrode section 48. Bearings 406 and
408 are fixed in each depression 402 and depression 404,
respectively. As shown in FIG. 19B, a connecting member
412, which has two shafts 409, 410 that are eccentric relative
to each other by eccentricity “e”, 1s coupled to each pair of
the bearings 406, 408 by inserting respective ends of the
shafts 409, 410 into the bearings 406, 408. Further, a drive
end 416, formed at an upper end portion of the main shaft
414 of the hollow motor 70 and arranged eccentrically
relative to a center of a main shaft, 1s rotatably connected,
via a bearing (not shown), to a lower central portion of the
clectrode section 48. This eccentricity 1s also *“€”. Accord-
ingly, the electrode section 48 i1s allowed to make a trans-
lational movement along a circle with radius “e”.

According to this embodiment, 1t 1s not possible to supply
pure water or ultrapure water to an upper surface of the
clectrode section 48 from above the electrode section 48
during electrolytic processing. Thus, as shown 1 FIG. 17,
pure water or ultrapure water 1s supplied to the upper surface
of the electrode section 48 only through a through-hole 414a
formed 1n main shaft 414 and a through-hole 48a formed 1n
the electrode section 48. Further, since the electrode section
48 does not rotate about its own axis, slip ring 78 1s omitted.
Furthermore, as shown 1n FIG. 18, an ultrapure water-spray
nozzle 90 as a regeneration section 1s retreatably provided
beside the electrode section 48, which sprays ultrapure water
onto 1on exchanger 56 after electrolytic processing, thereby
regenerating the 1on exchanger 56. Other construction 1s the
same as the first embodiment.

According to the electrolytic processing device 36a, clec-
trolytic processing of the surface of the substrate W 1s
performed by rotating, via the substrate holder 46, the
substrate W which 1s i contact with or close to the 1on
exchanger 56, and, at the same time, allowing the electrode
section 48 to make a scroll movement by actuation of the
hollow motor 70, while supplying pure water or ultrapure
water to the upper surface of the electrode section 48 and
applying a given voltage between the processing electrodes
50 and the feeding electrodes 52.
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Flow of the substrate W in handling thereof in the
substrate processing apparatus of this embodiment 1s the
same as 1n the above-described embodiment shown 1n FIG.
4, except that the substrate W 1s transferred directly between
the transport robot 38a and the electrolytic processing

device 364 (1.e. not via a pusher), and therefore description
thereol 1s omitted here.

FIGS. 20 and 21 show a variation of the electrolytic
processing device 36a. In this electrolytic processing device
36a, electrode section 48, which makes a scroll movement,
comprises a disc-shaped processing electrode 30 and a
ring-shaped feeding electrode 352 that surrounds an outer
periphery of the processing electrode 50, which are sepa-
rated by a ring-shaped msulator 33. Further, an upper surtace
of the processing electrode 30 1s covered with an 1on
exchanger 56¢ and an upper surface of the feeding electrode
52 1s covered with an 1on-exchanger 567, with these respec-
tive 1on exchangers 56e, 56/ being separated by the insulator
53. When rotating the substrate W, which 1s 1n contact with
or close to the 1on exchangers 56¢, 56/, and, at the same time,
allowing the electrode section 48 to make a scroll movement
as described above, part of substrate W 1s always positioned
above the feeding electrode 52, so that the substrate W can
receive electricity therefrom. Other construction 1s the same
as 1n the electrolytic processing device shown 1n FIGS. 16
through 19. According to this embodiment, current eifli-
ciency 1s enhanced by surrounding the processing electrode
50 with the feeding electrode 52, and a uniform processing
can be conducted over a substantially entire surface of the
substrate W.

FIGS. 22 and 23 show an electrolytic processing device
366 according to another embodiment of the present inven-
tion. In this electrolytic processing device 365, a rotational
center O, of electrode section 48 1s distant from a rotational
center O, of substrate holder 46 by a distance d; and the
clectrode section 48 rotates about the rotational center O,
and the substrate holder 46 rotates about the rotational center
O,. Further, processing electrodes 50 and feeding electrodes
52 are connected to power source 80 via slip ring 78. Other
construction 1s the same as in the embodiment shown 1n
FIGS. 18 and 19, and hence description thereof 1s omitted
here.

According to the electrolytic processing device 36b, elec-
trolytic processing ol a surtace of substrate W 1s performed
by rotating the substrate W via the substrate holder 46 and,
at the same, rotating the electrode section 48 by actuation of
hollow motor 70, while supplying pure water or ultrapure
water to an upper surface of the electrode section 48 and
applying a given voltage between the processing electrodes
50 and the feeding electrodes 52.

FIGS. 24 and 25 show an electrolytic processing device
36¢ according to still another embodiment of the present
invention. This electrolytic processing device 36¢ employs a
rectangular fixed-type electrode section 48 and a substrate
holder 46 that can move up and down, does not swing, and
makes a reciprocating movement in a horizontal direction.
More specifically, electrode plates 76, extending in a width
direction of the rectangular electrode 48 over an entire
length thereot, are disposed 1n parallel in an upper surface of
the electrode section 48, and a cathode and anode of power
source 80 are alternately connected to the electrode plates
76, so that the electrode plates 76 connected to the cathode
becomes processing electrodes 50 or, adversely, the elec-
trode plates 76 connected to the anode becomes feeding
electrodes 52. The substrate holder 46, on the other hand,
which 1s secured to a free end of a lifting arm 44a that moves
vertically via ball screw 62 by actuation of motor 60 for
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vertical movement, 1s allowed to rotate about 1ts own axis by
actuation of motor 68 for rotation, and 1s also allowed to
reciprocate together with the lifting arm 444, via a ball screw
62a by actuation of a motor 60a for reciprocation, in an
orthogonal direction relative to the electrode plates 76.

According to the electrolytic processing device 36c¢, elec-
trolytic processing of a surface of substrate W 1s performed
by rotating, via the substrate holder 46, the substrate W
which 1s 1n contact with or close to 10n exchanger 56 and, at
the same time, reciprocating the substrate holder 46 by the
actuation of the motor 60qa for reciprocation, while supply-
ing pure water or ultrapure water to an upper surface of the
clectrode section 48 and applying a given voltage between
the processing electrodes 50 and the feeding electrodes 52.

FIGS. 26 and 27 show an electrolytic processing device
36d according to still another embodiment of the present
mvention. In this electrolytic processing device 36d, a
positional relationship between the substrate holder 46 and
the electrode section 48 1n the preceding embodiments 1s
reversed, and substrate W 1s held with 1ts front surface
upward (so-called “face-up” manner) so that electrolytic
processing 1s conducted to an upper surface of the substrate.
Thus, substrate holder 46 1s disposed beneath electrode
section 48, holds the substrate W with 1ts front surface
upward, and rotates about its own axis by actuation of motor
68 for rotation. On the other hand, the electrode section 48,
which has processing electrodes 50 and feeding electrodes
52 that are covered with 1on exchanger 56, 1s disposed above
the substrate holder 46, 1s held with 1ts front surtace down-
ward by swingable arm 44 at a free end thereof, and rotates
about 1ts own axis by actuation of hollow motor 70. Further,
wires extending from power source 80 pass through a
hollow portion formed 1n shait 66 for swinging and reach
slip ring 78, and further pass through a hollow portion of the
hollow motor 70 and reach the processing electrodes 30 and
the feeding electrodes 52 to apply a voltage therebetween.

Pure water or ultrapure water 1s supplied from pure water
supply pipe 72, via through-hole 48a formed 1n a central
portion of the electrode section 48, to a front surface (upper
surface) of the substrate W.

A regeneration section 92 for regenerating the 1on
exchanger 56 mounted on the electrode section 48 1s dis-
posed beside the substrate holder 46. The regeneration
section 92 includes a regeneration tank 94 filled with e.g. a
dilute acid solution. In operation, the electrode section 48 1s
moved by the swingable arm 44 to a position right above the
regeneration tank 94, and 1s then lowered so that at least the
ion exchanger 56 of the electrode section 48 1s immersed 1n
the acid solution 1n the regeneration tank 94. Thereafter, a
reverse electric potential to that for processing 1s given to the
clectrode plates 76, 1.e. by connecting the processing elec-
trodes 50 to an anode of the power source 80 and connecting,
the feeding electrodes 52 to a cathode, thereby promoting
dissolution of extraneous matter such as copper adhering to
the 10n exchanger 56 to thereby regenerate the 10n exchanger
56. This regenerated 1on exchanger 56 1s rinsed by e.g.
ultrapure water.

Further, according to this embodiment, the electrode
section 48 1s designed to have a sufliciently larger diameter
than the substrate W held by the substrate holder 48.
Electrolytic processing of the surface of the substrate W 1s
conducted by lowering the electrode section 48 so that the
ion exchanger 56 contacts or gets close to the substrate W
held by the substrate holder 46, then rotating the substrate
holder 46 and the electrode section 48 and, at the same time,
swinging the swingable arm 44 to move the electrode
section 48 along the upper surface of the substrate W, while
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supplying pure water or ultrapure water to the upper surface
of the substrate and applying a given voltage between the
processing electrode 50 and the feeding electrode 52.

FIGS. 28 and 29 show an electrolytic processing device
36¢ according to still another embodiment of the present
invention. This electrolytic processing device 36e employs,
as electrode section 48, one that has a sufliciently smaller
diameter than that of substrate W held by substrate holder 46
so that a surface of the substrate may not be entirely covered
with the electrode section 48 Other construction 1s the same
as 1n the embodiment shown 1 FIGS. 26 and 27. The above
construction can make an electrode section small and com-
pact, and, in addition, can prevent a generated gas from
adhering to the substrate.

FIG. 30 shows an electrolytic processing device 36f
according to still another embodiment of the present inven-
tion. In this electrolytic processing device 36/, clectrode
section 48 1s disposed above substrate holder 46 that holds
substrate W with its front surface upward. The electrode
section 48 comprises a disk-shaped base 100 composed of
insulating material, a disc-shaped processing electrode 50
having through-holes 50a for supplying pure water or ultra-
pure water, and a ring-shaped feeding electrode 32, which
are separated by a ring-shaped insulator 102. The processing
clectrode 50 and the feeding electrode 52 are mounted on a
lower surface of the base 100 1n the same plane. Further, on
a lower surface of the processing electrode 50 and the
teeding electrode 52 1s mounted an 10n exchanger 56 which
1s composed of e.g. fibers contaiming a strongly acidic
cation-exchange group and promotes a dissociation reaction
of pure water or ultrapure water. The base 100 1s rotatable,
and 1s connected to a lower end of a hollow rotating shaft
104. Pure water or ultrapure water 1s supplied through a
hollow portion of the rotating shaft 104 to an inside of the
base 100. Further in this embodiment, an 1on exchanger
having a two-layer structure of a soit exchanger 56¢ and a
hard exchanger 56d, both having the same level of resistiv-
ity, 1s employed as the 1on exchanger 56.

By thus making the 1on exchanger 56 a multi-layer
structure consisting of laminated layers of 1on-exchange
materials, such as a nonwoven fabric, a woven fabric and a
porous membrane, it 1s possible to increase a total 1on
exchange capacity whereby formation of an oxide, for
example 1n removal (polishing) processing of copper, can be
restrained to thereby avoid an oxide adversely aflecting a
processing rate. In this regard, when the total 1on exchange
capacity of an 1on exchanger i1s smaller than an amount of
copper 1ons taken in the 1on exchanger during removal
processing, an oxide should inevitably be formed on the
surface or inside of the 1on exchanger, which adversely
allects the processing rate. Thus, formation of the oxide 1s
governed by the 10n exchange capacity of an 1on exchanger,
and copper 1ons exceeding the capacity should become the
oxide. The formation of an oxide can thus be effectively
restrained by using, as the ion exchanger 56, a multi-layer
ion exchanger composed of laminated layers of 1on-ex-
change materials which has enhanced total 1on exchange
capacity. Incidentally, the formation of an oxide can also be
restrained by regenerating an 10on exchanger so as to sup-
press accumulation of copper 1ons within the ion exchanger.

Further, when an interconnect pattern, for example an
interconnect pattern composed of copper film 6 as shown 1n
FIG. 85, 1s formed by removal (polishing) processing, the
copper 11lm 6 filled 1nto a trench 1s likely to be hollowed out
or peeled off after the processing. This may be influenced by
hardness and form of an outermost 10n exchanger (101n-
exchange material) to be contacted with the copper film 6.
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It 1s then considered that the above defects may be obviated
by making the 1on exchanger 56 a multi-layer structure, as
in this embodiment, and using the 1on exchanger (10n-
exchange material) which meets requirements of (1) good
surface smoothness, (2) hard material and (3) water-perme-
able, such as a porous membrane or a woven fabric, as the
outermost 1on exchanger.

According to this embodiment, pure water or ultrapure
water fed through a feed line into the rotating shait 104 1s
allowed to tlow, under centrifugal force due to rotation of the
base 100, through the through-holes 50aq formed in the
processing electrode 50 and supplied to the 1on exchanger
56. The pure water or ultrapure water supplied dissociates by
catalytic action of the 1on exchanger 56 to produce hydrox-
ide 10ns. Since the processing electrode 50 and the feeding
clectrode 52 are separated by the insulator 102, migration of
the hydroxide 1ons 1s intercepted by the insulator 102.
Further, when the substrate W 1s 1n an electrically insulated
state, a portion of the substrate W facing the processing
clectrode (e.g. cathode) 50 functions as an anode, and a
portion of the substrate W facing the feeding electrode (e.g.
anode) 52 functions as a cathode. Accordingly, electro-
chemical dissolution occurs in this anode portion of the
substrate W facing the processing electrode 50.

In a case where an 10n exchanger 1s contacted with the
substrate W, the 1on exchanger can deteriorate due to a
sliding movement. Such deterioration can, however, be
avoided by making the 1on exchanger a two-layer structure
in which an outer layer to be contacted with the substrate W
1s composed of e.g. a woven fabric or a porous membrane,
as described above, or by using such matenial as a pad
having an 1on-exchange ability to enhance mechanical
strength.

FIG. 31 shows a substrate processing apparatus according,
to still another embodiment of the present mvention pro-
vided with electrolytic processing device 36. This substrate
processing apparatus comprises a pair of loading/unloading,
units 30 as a carry-in and carry-out section for carrying in
and carrying out a cassette housing a substrate W, reversing
machine 32, pushers 34a, 34H for transierring the substrate
W, the electrolytic processing device 36, and a CMP device
112. Fixed-type transport robot 38 1s provided between the
loading/unloading units 30, the reversing machine 32 and
the pushers 34a, 34b as a transport device for transporting
and transierring the substrate W therebetween. The substrate
processing apparatus 1s also provided with monitor 42 for
monitoring a voltage applied between processing electrode
50 and feeding electrode 52 upon electrolytic processing 1n
the electrolytic processing device 36, or an electric current
flowing therebetween.

FIG. 32 shows an example of the CMP device 112. The
CMP device 112 comprises a polishing table 122 having a
polishing surface composed of a polishing cloth 120 (pol-
ishing pad) which 1s attached to an upper surface of the
polishing table 122, and a top rning 124 for holding a
substrate W with 1ts surface to be polished facing the
polishing table 122. Polishing of the surface of the substrate
W 1s performed by rotating the polishing table 122 and the
top ring 124 respectively, and supplying an abrasive liquid
from an abrasive liqumd nozzle 126 disposed above the
polishing table 122, while pressing the substrate W against
the polishing cloth 120 of the polishing table 122 at a given
pressure by the top ring 124. As the abrasive liquid supplied
from the abrasive liquid nozzle 126, a suspension of abrasive
particles, such as fine particles of silica, 1n an alkali solution
may be used. By combination of chemical polishing by an
alkali and mechanical polishing by abrasive particles, 1.e.
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chemical mechanical polishing, the substrate W can be
polished into a flat mirror surface.

Polishing power of a polishing surface of the polishing
cloth 120 decreases with a continuous polishing operation.
In order to restore the polishing power, a dresser 128 1is
provided to conduct dressing of the polishing cloth 120, for
example at the time of changing the substrate W. In a
dressing treatment, while rotating the dresser 128 and the
polishing table 122 respectively, a dressing surface (dressing
member) of the dresser 128 1s pressed against the polishing
cloth 120 of the polishing table 122, thereby removing
abrasive liquid and chips adhering to the polishing surface
and, at the same time, flatteming and dressing the polishing
surface, whereby the polishing surface 1s regenerated.

According to this substrate processing apparatus, a sub-
strate W 1s taken by the transport robot 38 out of the cassette
set 1 the loading/unloading unit 30. The substrate W 1s
transported to the reversing machine 32, according to neces-
sity, to reverse the substrate W, and is then transported by the
transport robot 38 to the pusher 34a beside the electrolytic
processing device 36. The substrate W 1s transierred from
the pusher 34a to substrate holder 46 of the electrolytic
processing device 36. Rough cutting (etching) by electro-
lytic processing of a surface of the substrate W 1s conducted
in the electrolytic processing device 36. After completion of
this processing, the substrate W 1s returned to the pusher
34a. Thereafter, the substrate W on the pusher 34a 1is
transported by the transport robot 38 to the pusher 345
beside the CMP device 112, and 1s then transferred to the top
ring 124 of the CMP device 112. Finishing by CMP polish-
ing of the substrate W 1s conducted in the CMP device 112.
After completion of the CMP polishing, the substrate W 1s
returned to the pusher 345. Thereafter, the transport robot 38
takes the substrate W from the pusher 346 and, after trans-
porting the substrate W to the reversing machine 32, accord-
ing to necessity, to reverse the substrate, returns the substrate
W to the cassette in the loading/unloading unit 30.

Though in this embodiment rough cutting of the substrate
W 1s conducted by electrolytic processing in the electrolytic
processing device 36 and finishing of the substrate W 1s
conducted by CMP polishing 1n the CMP device 112, 1t 1s
possible to conduct rough cutting of the substrate W by CMP
polishing 1n the CMP device 112 and conduct finishing of
the substrate W by electrolytic processing 1n the electrolytic
processing device 36. A load upon CMP processing can thus
be reduced.

FIG. 33 shows a substrate processing apparatus according,
to still another embodiment of the present mvention pro-
vided with electrolytic processing device 36. This substrate
processing apparatus comprises a pair of loading/unloading
units 30 as a carry-1n and carry-out section for carrying in
and carrying out a cassette housing a substrate W, reversing
machine 32, pusher 34 for transierring the substrate W, the
clectrolytic processing device 36, and a cleaning device 130
for cleaning and drying a processed substrate W. A movable
transport robot 38a 1s provided in a region between the
loading/unloading umts 30, the reversing machine 32 and
the pusher 34 as a transport device for transporting and
transferring the substrate W therebetween. The substrate
processing apparatus 1s also provided with monitor 42 for
monitoring a voltage applied between processing electrode
50 and feeding electrode 52 upon electrolytic processing 1n
the electrolytic processing device 36, or an electric current
flowing therebetween.

According to this substrate processing apparatus, the
substrate W having been carried 1n a dry state and undergone
clectrolytic processing in the electrolytic processing device
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36 1s reversed, according to necessity, and transported to the
cleaning device 130 where the substrate 1s cleaned and dried,
and the substrate can then be returned, 1n a dry state, to the
cassette 1n the loading/unloading unit 30 (dry-in/dry-out).

FI1G. 34 shows a substrate processing apparatus according
to still another embodiment of the present mvention pro-
vided with electrolytic processing device 36. This substrate
processing apparatus comprises, as the same in the above-
described embodiment shown 1n FIG. 31, a pair of loading/
unloading units 30 as a carry-in and carry-out section for
carrying in and carrying out a cassette housing a substrate W,
pushers 34a and 345, the electrolytic processing device 36
and CMP device 112, and further comprises a couple of first
cleaning devices 130a and a couple of second cleaning
devices 1305. Further, a temporary storage table 132 that has
a Tunction of traversing a substrate 1s provided between the
first cleaning devices 130a and the second cleaning devices
130b6. A first transport robot 38¢ 1s provided at a certain place
between the loading/unloading units 30, the first cleaming
devices 130a and the temporary storage table 132 as a
transport device for transporting and transferring the sub-
strate W therebetween; and a second transport robot 384 1s
provided at a certain place between the temporary storage
table 132, the second cleaning devices 1305 and the pushers
34a, 34b as a transport device for transporting and transier-
ring the substrate W therebetween. The substrate processing,
apparatus 1s also provided with monitor 42 for monitoring a
voltage applied between processing electrodes 50 and feed-
ing electrodes 52 upon electrolytic processing 1n the elec-
trolytic processing device 36.

According to this substrate processing apparatus, the
substrate W which has undergone rough cutting, for
example, by electrolytic processing in the electrolytic pro-
cessing device 36 and fimishing by CMP polishing in the
CMP device 112, as in the above-described embodiment
shown 1n FIG. 31, 1s transported to second cleaning device
13056 for rough cleaming and 1s then temporarily stored on
the temporary storage table 132 where the substrate i1s
reversed, if necessary. Thereafter, the substrate W 1s trans-
ported to first cleaning device 130q for finish cleaning and
drying, and then can be returned, in a dry state, to the
cassette 1n the loading/unloading section 30.

FIG. 35 shows a substrate processing apparatus according,
to still another embodiment of the present imnvention pro-
vided with electrolytic processing device 36. This substrate
processing apparatus comprises a pair of loading/unloading
units 30 as a carry-n and carry-out section for carrying in
and carrying out a cassette housing a substrate W, pusher 34,
and the electrolytic processing device 36. The substrate
processing apparatus also comprises a cleaning device 130d
for cleaning a processed substrate, reversing machine 32, a
plating device 136 for plating a surface of the substrate W,
a cleaning device 130¢ for cleaming a plated substrate, and
an annealing device 140 for annealing the plated substrate,
which are disposed in series. A transport robot 38a as a
transport device 1s provided which can move parallel to
these devices for transporting and transferring the substrate
W therebetween. The substrate processing apparatus 1s also
provided with monitor 42 for monitoring a voltage applied
between processing electrodes 50 and feeding electrodes 52
upon electrolytic processing in the electrolytic processing,
device 36.

FIG. 36 shows an example of the plating device 136. The
plating device 136 includes a top-opened cylindrical plating,
tank 232 for containing a plating liquid 230, and a substrate
holder 234 for detachably holding the substrate W with its
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W covers a top openming of the plating tank 232. Inside of the
plating tank 232, an anode plate 236 1n a flat plate shape,
which becomes an anode electrode when immersed in the
plating liquid 230 with the substrate as a cathode, 1s disposed
horizontally. A central portion of a bottom of the plating tank
232 communicates with a plating liquid mjecting pipe 238
for forming an ijecting flow of the plating liquid upwardly.
Further, a plating liquid receiver 240 1s provided around an
upper outer periphery of the plating tank 232.

In operation, the substrate W held with 1ts front surface
downward by the substrate holder 234 1s positioned above
the plating tank 232 and a given voltage 1s applied between
the anode plate 236 (anode) and the substrate W (cathode)
while the plating liquid 230 1s 1njected upwardly from the
plating liquid 1njecting pipe 238 so that an mjecting flow of
the plating liquid 230 hits against a lower surtace (surface to
be plated) of the substrate W, whereby a plating current 1s
allowed to flow between the anode plate 236 and the
substrate W, and a plated film 1s thus formed on the lower
surtace of the substrate W.

FIGS. 37 and 38 show an example of the annealing device
140. The annealing device 140 comprises a chamber 1002
having a gate 1000 for carrying in and carrying out the
substrate W, a hot plate 1004 disposed in the chamber 1002
for heating the substrate W to e.g. 400° C., and a cool plate
1006 disposed beneath the hot plate 1004 in the chamber
1002 for cooling the substrate W by, for example, flowing a
cooling water inside the cool plate 1006. The annealing
device 140 also has a plurality of vertically movable elevat-
ing pins 1008 penetrating the cool plate 1006 and extending
upward and downward therefrom for placing and holding
the substrate W on upper ends thereof. The annealing device
140 turther includes a gas introduction pipe 1010 for intro-
ducing an antioxidant gas between the substrate W and the
hot plate 1004 during annealing, and a gas discharge pipe
1012 for discharging the gas that has been introduced from
the gas introduction pipe 1010 and flowed between the
substrate W and the hot plate 1004. The pipes 1010 and 1012
are disposed on opposite sides across the hot plate 1004.

The gas introduction pipe 1010 1s connected to a mixed
gas introduction line 1022 which 1n turn 1s connected to a
mixer 1020 where an N, gas introduced through an N, gas
introduction line 1016 containing a filter 1014q, and an H,
gas introduced through an H, gas introduction line 1018
containing a filter 10145, are mixed to form a mixed gas
which flows through the mixed gas introduction line 1022
into the gas itroduction pipe 1010.

In operation, the substrate W, which has been carried 1n
the chamber 1002 through the gate 1000, 1s held on the
lifting pins 1008 and the lifting pins 1008 are raised up to a
position at which a distance between the substrate W held on
the lifting pins 1008 and the hot plate 1004 becomes e.g.
0.1-1.0 mm. The substrate W 1s then heated to e.g. 400° C.
through the hot plate 1004 and, at the same time, the
antioxidant gas 1s introduced from the gas mtroduction pipe
1010 and the gas 1s allowed to flow between the substrate W
and the hot plate 1004 while the gas 1s discharged from the
gas discharge pipe 1012, thereby annealing the substrate W
while preventing 1ts oxidation. This annealing treatment
may be completed 1 about several tens of seconds to 60
seconds. A heating temperature of the substrate W may
arbitrarily be selected 1n the range of 100-600° C.

After completion of annealing, the lifting pins 1008 are
lowered down to a position at which a distance between the
substrate W held on the lifting pins 1008 and the cool plate
1006 becomes e.g. 0-0.5 mm. By imntroducing a cooling
water 1nto the cool plate 1006, the substrate W 1s cooled by
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the cool plate 1006 to a temperature of 100° C. or lower in
¢.g. 1060 seconds. This cooled substrate W 1s sent to a next
step.

Though 1n this embodiment a mixed gas of N, gas with
several % ol H, gas 1s used as the above antioxidant gas, N,
gas may be used singly.

According to the substrate processing apparatus of this
embodiment, a substrate W, for example, having a seed layer
7 formed 1n a surface (see FIG. 85A) 1s taken, one at a time,
by the transport robot 38a out of a cassette set i the
loading/unloading section 30 and, aiter reversing the sub-
strate W by the reversing machine 32 according to necessity,
1s carried into the plating device 136. Electrolytic copper
plating, for example, 1s performed 1n the plating device 136
to form a copper film 6 (see FIG. 85B) as a conductor film
(portion to be processed) on the surface of the substrate W.
The substrate W after this plating treatment (the substrate
having a conductor film such as the copper film) 1s trans-
ported to the cleaning device 130e for cleaming and drying,
and 1s then transported to the annealing device 140, where
the substrate W 1s annealed by heat treatment, and this
annealed substrate 1s transported to the electrolytic process-
ing device 36. Electrolytic processing of the surface (plated
surface) of the substrate W 1s conducted 1n the electrolytic
processing device 36 to remove unnecessary copper film 6
formed i1n the surface of the substrate, thereby forming
copper interconnects composed of copper film 6 (see FIG.
85C). The substrate W after this electrolytic processing is
reversed by the reversing machine 32, according to neces-
sity, and 1s transported to the cleaning device 130d for
cleaning and drying. Cleaned substrate W 1s reversed by the
reversing machine 32, according to necessity, and returned
to the cassette 1n the loading/unloading unit 30.

FI1G. 39 shows a substrate processing apparatus according,
to still another embodiment of the present mvention pro-
vided with electrolytic processing device 36. According to
this embodiment, between cleaning device 130e and anneal-
ing device 140, both used also in the above-described
embodiment shown 1n FIG. 35, 1s provided a bevel-etching
device 144 for removing a material, to be processed, formed
in or adhering to a peripheral portion (bevel portion and edge
portion) of a substrate. Other construction 1s the same as in
the embodiment shown in FIG. 35.

FIGS. 40 and 41 show an example of the bevel-etching
device 144. The bevel-etching device 144 comprises a
substrate holder 152 which attracts and holds substrate W
with 1ts front surface upward and rotates by actuation of a
motor 150, a feeding electrode 156 which 1s connected to an
anode of a power source 154, and contacts a conductor film
(portion to be processed) such as the copper film 6 formed
in the surface of the substrate W to pass electricity thereto,
and a column-shaped processing electrode 160 which 1is
connected to a cathode of the power source 154, and rotates
by actuation of a motor 158. The processing electrode 160
1s disposed beside the substrate W held by the substrate
holder 152, and can contact and be removed from the
substrate W. Further, a groove 160a generally in the shape
of a half circle 1 cross section, conforming to a peripheral
configuration of the substrate W, 1s formed 1n the processing
clectrode 160, and an 10on exchanger 162, as described
above, 1s mounted on a surface of the groove 160a so that
a surface of the 10n exchanger 162 contacts or gets close to
a peripheral portion of the substrate W. Furthermore, a pure
water nozzle 164 1s disposed near the processing electrode
160 as a pure water supply section for supplying pure water
or ultrapure water between the processing electrode 160 and
the peripheral portion of the substrate W.
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Removal by electrolytic processing of a material to be
processed, such as copper, formed in or adhering to the
peripheral portlon (bevel portion and edge portion) of the
substrate W 1s ellected by bringing the 1on exchanger 162
mounted on the processing electrode 160 into contact with
or close to the peripheral portion of the substrate W held by
the substrate holder 152, and rotating the substrate holder
152 to thereby rotate the substrate W and, at the same time,
rotating the processing electrode 160, while supplying pure
water or ultrapure water from the pure water nozzle 164
between the processing electrode 160 and the peripheral
portion of the substrate W, and applying a given voltage
between the processing electrode 160 and the feeding elec-
trode 156.

According to this substrate processing apparatus, 1mme-
diately after a plating treatment 1s conducted on the surface
of the substrate W 1n the plating device 136, material, to be
processed, such as copper formed in or adhering to the
peripheral portion (bevel portion and edge portion) of the
substrate W, 1 which a conductor film (portion to be
processed) such as the copper film 6 (see FIG. 85B) has been
formed, can be removed in the bevel-etching device 144,
and this bevel-etched substrate W can then be transported to
the electrolytic processing device 36.

FIGS. 42 and 43 show another example of the bevel-
etching device 144, which can remove by electrolytic pro-
cessing a maternial, to be processed, such as copper formed
in or adhering to a peripheral portion (bevel portion and edge
portion) of the substrate W and, at the same time, can rinse
(clean) front and back surfaces of the substrate W with pure
water. This bevel-etching device 144 comprises a bottomed,
cylindrical waterprootf cover 170 having a drain 170a and,
provided 1n 1ts interior with a substrate holder 174 {for
holding the substrate W by spin chucks 172 which engage
the substrate W at certain points in a peripheral region of the
substrate and rotating the substrate W horizontally with 1ts
front surface upward, a front surface nozzle 176 which 1is
oriented towards almost a center of the front surface of the
substrate W held by the substrate holder 174, and a back
surface nozzle 178 which is oriented towards almost a center
of the back surface of the substrate W. According to this
embodiment, the substrate holder 174 1s connected directly
to motor 150, and processing electrode 160 1s connected
directly to motor 158. Further, the substrate W 1s loaded and
unloaded by a substrate transport arm 180. Other construc-
tion 1s the same as i1n the above-described embodiment
shown i FIGS. 40 and 41.

According to this embodiment, removal by electrolytic
processing of a material, to be processed, such as copper
formed 1n or adhering to a peripheral portion (bevel portion
and edge portion) of the substrate W 1s effected by rotating
the substrate holder 174 to thereby rotate the substrate W
and, at the same, rotating the processing electrode 160, while
supplying pure water or ultrapure water from the pure water
nozzle 164 between the processing electrode 160 and the
peripheral portion of the substrate W, and applying a given
voltage between the processing electrode 160 and the feed-
ing electrode 156; and simultaneously therewith, rinsing
(cleaning) of the front and back surfaces of the substrate W
can be conducted by supplying pure water from the front
surface nozzle 176 to the front surface of the substrate, and
from the back surface nozzle 178 to the back surface.

FIG. 44 shows a substrate processing apparatus according,
to still another embodiment of the present mvention pro-
vided with electrolytic processing device 36. In this sub-
strate processing apparatus, a first film thickness-measuring
section 168a for measuring a film thickness of a conductor
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film (portion to be processed) after processing 1s provided
between reversing machine 32 and plating device 136, both
used also 1n the embodiment shown 1n FIG. 39, and a second
f1lm thickness-measuring section 16856 for measuring a film
thickness of the conductor film (portion to be processed)
such as copper film 6 (see FIG. 85B) after plating 1s provided
between cleaning device 130¢ and bevel-etching device 144.
Other construction 1s the same as shown 1n FIG. 39.

According to this substrate processing apparatus, a film
thickness of a conductor film such as the copper film 6 (see
FIG. 85B), which has been deposited on a surface of
substrate W by a plating treatment in the plating device 136,
1s measured with the second film thickness-measuring sec-
tion 16856, and a film thickness of the conductor film after
clectrolytic processing 1n the electrolytic processing device
36 1s measured with the first film thickness-measuring
section 168a. By feeding back results of these measure-
ments, 1t becomes possible to adjust a plating time and
processing time, or conduct an additional plating or elec-
trolytic processing, whereby the film thickness of the con-
ductor film such as copper film 6 can be made more uniform.

FIGS. 45 through 47 show an electrolytic processing
device according to still another embodiment of the present
invention. In this electrolytic processing device, an electrode
section 302 1s rotatably held to an end of a swingable arm
300 which 1s swingable and vertically movable. Electrolytic
processing of a surface of a substrate W, which 1s held on an
upper surface of a substrate holder 308, 1s eflected by a
processing electrode 304 and a feeding electrode 306, both
disposed inside the electrode section 302. Also in this
embodiment, a workpiece to be processed 1s of course not
limited to a substrate.

In this electrolytic processing device, a pair of electrodes
310, both 1n the shape of a rectangular flat plate, 1s fixed 1n
the electrode section 302 so that the electrodes 310 face, 1n
parallel, the substrate W held by the substrate holder 308.
One electrode plate 310 connected to a cathode of a power
source 312 becomes the processing electrode 304, and the
other electrode plate 310 connected to an anode of the power
source becomes the feeding electrode 306. This applies to
processing of e.g. copper, because electrolytic processing of
copper proceeds on a cathode side. As described above,
depending upon a material to be processed, the cathode side
can be a feeding electrode and an anode side can be a
processing electrode. Surfaces of the processing electrode
(cathode) 304 and the feeding electrode (anode) 306 are
respectively covered with an 1on exchanger 314a, 31456 both
as described above. Further, a pure water nozzle 316 is
provided as a liquid supply section for supplying pure water
or ultrapure water between the substrate W held by the
substrate holder 308 and the processing and feeding elec-
trodes 304, 306.

According to this embodiment, the 10n exchanger 314a on
a processing electrode side and the 1on exchanger 3145 on
a feeding electrode side are spaced, and contact the substrate
W respectively. By thus disposing the 1on exchangers 314a,
3145 separately 1n a space between the processing electrode
304 and the substrate (workpiece) W and between the
teeding electrode 306 and the substrate (workpiece) W, and
using ultrapure water as a processing liquid, processing
clliciency can be best enhanced.

In this connection, when an 1on exchanger of an integral
type, 1.€. a processing electrode 304 and a feeding electrode
306 are mounted to one 1on exchanger, 1s used in electrolytic
processing, a so-called short (virtually a flow of 10ns)
between the processing electrode 304 and the feeding elec-
trode 306 will occur, resulting 1n a decrease in an amount of

10

15

20

25

30

35

40

45

50

55

60

65

34

ions that act on the surface of a workpiece, thereby lowering
processing efliciency. In using such an integral type of 10on
exchanger, the “short” may be reduced by making a distance
between the processing electrode and the feeding electrode
larger. However, a portion of the ion exchanger not partici-
pating 1n processing becomes larger, whereby a uniform
processing rate over an entire processing surface area 1s
obtained with difficulty.

A base material of the 10n exchangers 314a, 3145 may be
a nonwoven fabric, a woven fabric, a sheet or a porous
material. As shown 1in FIGS. 48A and 48B, the 1on
exchanger 314a or the 10n exchanger 3145 may be mounted
on the rectangular processing electrode 304 or feeding
clectrode 306 by wrapping the 10on exchanger around a lower
portion of the electrode. Also 1n a case where the processing
clectrode 304 and feeding electrode 306 are in a column
shape, as shown 1n FIG. 49, the 1on exchangers 314a, 3145,
which are composed of e.g. a nonwoven fabric, a woven
fabric, a sheet or a porous material, may be each mounted on
respective electrodes by wrapping the 10on exchanger around
the electrode.

It 1s preferred to supply ultrapure water from the pure
water nozzle 316 rather than pure water. Further, as
described above, use may be made of an electrolytic solution
obtained by adding an electrolyte to pure water or ultrapure
water, or a liquid having an electric conductivity of not more
than 500 uS/cm obtained by adding an additive such as a
surfactant to pure water or ultrapure water.

According to this embodiment, a substrate W, e.g. a
substrate having on 1ts surface a conductor film (portion to
be processed) such as the copper film 6 shown 1n FIG. 85B,
1s held waith 1ts front surface upward by the substrate holder
308, and the 10n exchangers 314a, 314b, respectively cov-
ering the surface of the processing electrode 304 and the
surface of the feeding electrode 306 of the electrode section
302, are brought into contact with or close to the surface of
the substrate W. While rotating the substrate W wvia the
substrate holder 308 and, at the same time, rotating the
clectrode section 302, pure water or ultrapure water 1s
supplied between the substrate W and the processing and
teeding electrodes 304, 306, and a given voltage 1s applied
between the processing electrode 304 and the feeding elec-
trode 306, thereby conducting electrolytic processing of the
conductor film such as copper film 6 just under the process-
ing clectrode (cathode) 304.

In the electrolytic processing device of this embodiment,
as 1n the above-described embodiment shown 1n FIGS. 28
and 29, a regeneration section 320 1s provided beside the
substrate holder 308, which includes a regeneration tank 318
filled with e.g. a dilute acid solution, and regenerates the 10n
exchangers 314a, 3146 mounted on a lower surface of the
clectrode section 302 such that they respectively cover the
surface of the processing electrode 304 and the surface of the
feeding electrode 306.

As shown 1n FIG. 50, it 1s possible to adhere or laminate
porous bodies 322a, 322b, which are in the form of e.g. a
film and excellent 1n terms of flatness, to respective surfaces
(lower surfaces) of the 10n exchangers 314a, 31456. A woven
fabric may be used instead of the porous bodies 322a, 3225.
[Lamination of such a material can further enhance tlatness
ol a processed surface of the substrate W. The porous bodies
322a, 322) and the woven fabric may be 1on exchangers.

As shown 1n FIG. 51, 1t 1s possible to conduct electrolytic
processing by bringing processing electrode 304 and the
teeding electrode 306, which are not covered with the 1on
exchangers 314a, 3145, close to the substrate W, and sup-
plying pure water or ultrapure water, or a liquid having an
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clectric conductivity of not more than 500 uS/cm between
the processing and feeding clectrodes 304, 306 and the
substrate W.

Further, as shown in FIG. 52, 1t 1s possible to use an AC
power source 312a so that the pair of the electrode plates
310 can alternate between the processing electrode 304 and
the feeding electrode 306. Moreover, as shown 1n FIG. 53,
it 15 possible to conduct electrolytic processing of a conduc-
tor film by filling a water tank 182 with a liquid 18 such as
pure water or ultrapure water, immersing a substrate W, e.g.
a substrate having on 1ts surface a conductor film such as the
copper film 6 shown in FIG. 85B, with 1ts front surface
upward, in the liquid 18, and bringing the processing elec-
trode 304 and the feeding electrode 306 close to the substrate
W.

As described above, 1in the electrolytic processing of
copper, for example, processing proceeds on a surface
(lower surface) of the processing electrode 304 as a cathode.
Accordingly, when the processing electrode (cathode) 304
and the feeding electrode (anode) 306 are disposed 1n a
chord direction of the substrate W, as shown 1n FIG. 54A,
and the substrate W 1s rotated, it 1s necessary to locate the
teeding electrode (anode) 306 on an upstream side 1 a
rotating direction of the substrate. This 1s because if a
portion of the substrate surface facing the processing elec-
trode (cathode) 304 1s electrolytically processed to remove
the conductor film, 1t becomes 1mpossible to supply elec-
tricity from the feeding electrode 306. It will be understood
that there 1s no such restriction 1n a case of disposing the
processing electrode (cathode) 304 and the feeding electrode
(anode) 306 1n a radial direction of the substrate as shown 1n
FIG. 54B, and 1n a case of using an AC power source as
shown 1n FIG. 52.

As shown 1n FIG. 35, 1t 15 possible to integrally cover the
surface of the processing electrode 304 and the surface of the
teeding electrode 306 with one 1on exchanger 314c¢. This can
tacilitate production of the processing electrode 304 and the
teeding electrode 306, and can further lower electric resis-
tance.

Alternatively, electrolytic processing may be performed
by disposing an 1on exchanger 3144 above a substrate W
such that 1t covers an entire surface of the substrate W, as
shown 1 FIG. 56, and either supplying pure water or
ultrapure water from pure water nozzle 316 to the 1on
exchanger 314d so as to impregnate the 1on exchanger 3144
with pure water or ultrapure water, or continuously immerse
the 10n exchanger 3144 1n pure water or ultrapure water, and
placing processing electrode 304 and feeding electrode 306
on an upper surface of the ion exchanger 3144. This makes
it possible to change with ease the 10n exchanger 3144 when
it 1s stained after electrolytic processing. Though not shown,
it 1s also possible to dispose an 10n exchanger so that 1t
covers part of the surface of the substrate, and place the
processing electrode 304 and the feeding electrode 306 on
an upper surface of the 1on exchanger.

In this case, as shown 1n FIGS. 57 and 58, it 1s possible
to stretch a long sheet form of an 10n exchanger 314e
between a supply shait 324 and a rewind shait 326, both
disposed on opposite sides across substrate holder 308, and
rewind the 1on exchanger 314¢ sequentially by rotating the
rewind shait 326 through a rewind motor 327. This makes 1t
possible to change the 1on exchanger 1n a successive manner.
This embodiment shows a case in which an electrolytic
processing device having a similar construction to that of
FIG. 5, but substrate holder 46 and electrode section 48
having substantially the same diameter, 1s used and a pure
water nozzle 74a, extending in a width direction of the 10n
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exchanger 314e, over an entire length thereof, 1s disposed
upstream of the electrode section 48 1n a flow direction of
the 10n exchanger 314e. In this embodiment shown in FIGS.
57 and 58, the 10on exchanger 314e may be taken up
intermittently at a low speed. Alternatively, 1t 1s possible to
f1x the 10on exchanger 314e to the electrode section 48 during
processing, and rewind the 1on exchanger by a given length
when it 1s worn or when impurities accumulate on 1t, thereby
providing a fresh processing surface.

Further, as shown 1 FIGS. 39 and 60, 1t 1s possible to
mount rectangular electrode portions 328 on the 1on
exchanger 314e of a long sheet form by printing or lami-
nation at a given pitch i a length direction of the 1on
exchanger so that when the 1on exchanger 314e¢ 1s taken up
by one-time use length, one of two adjacent electrode
portions 328 may be connected to the cathode of the power
source 312 (see FIG. 55) to become processing electrode
304, and the other one may be connected to the anode to
become feeding electrode 306. This eliminates a need to

provide electrode sections separately, and thus can simplify
the device.

Further, as shown 1n FIGS. 61A and 61B, the processing
clectrode 304 may be 1n the shape of a column, and may be
surrounded by a ring-shaped feeding electrode 306. In a case
of copper, for example, electrolytic processing thereol pro-
ceeds just under a cathode. Accordingly, 1t 1s preferred to
dispose the processing electrode 304 and the feeding elec-
trode 306 so that electric current can flow between the
clectrodes 304, 306 through a shortest route. By disposing
the electrodes such that the feeding electrode 306 surrounds
the processing electrode 304, all the electric currents can
flow from the feeding eclectrode 306 to the processing
clectrode 304 through shortest routes, whereby current etli-
ciency can be enhanced and power consumption can be
reduced. Further, though not shown, 1t 1s also possible to
surround a column-shaped feeding electrode with a ring-
shaped processing electrode. This holds also for the below-
described embodiments.

It 1s also possible to surround a prismatic processing
clectrode 304 with a rectangular frame-shaped feeding elec-
trode 306 as shown 1n FIG. 62. Further, as shown 1n FIG. 63,
prismatic processing electrode 304 may be surrounded with
a plurality of prismatic feeding electrodes 306. The above-
described example of the shape and disposition of electrodes
shown 1 FIGS. 46 to 56 and FIGS. 61 to 63 are applicable
to the electrolytic processing device i FIG. 45,

FIGS. 64 and 65 show an electrolytic processing device
according to still another embodiment of the present inven-
tion. In this electrolytic processing device, processing elec-
trode 304 and feeding electrode 306 are both 1n the shape of
a column, and 1on exchangers 314/, 314¢ are mounted on a
peripheral surface of the processing electrode 304 and on a
peripheral surface of the feeding electrode 306, respectively.
The processing electrode 304 and the feeding electrode 306
are disposed 1n parallel at a given distance such that their
central axes are parallel to substrate W. In operation, pure
water or ultrapure water 1s supplied from pure water nozzle
316 between the processing electrode 304 and the feeding
clectrode 306, while the processing electrode 304 and the
feeding electrode 306 are allowed to rotate 1in such opposite
directions that these rotating electrodes enwind the pure
water or ultrapure water supplied from the pure water nozzle
316.

According to this embodiment, electrolytic processing i1s
performed by rotating a substrate W, which 1s 1n contact with
or close to the 10on exchangers 314/, 314¢g, and, at the same
time, rotating the processing electrode 304 and the feeding
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clectrode 306 around their own central axes, while supply-
ing pure water or ultrapure water between the processing
clectrode 304 and the feeding electrode 306, and applying a
given voltage between the processing electrode 304 and the
teeding electrode 306. In the electrolytic processing, reac-
tion products of an electrode reaction or electrochemical
reaction can accumulate with progress ol reaction and
impede a useful reaction. According to this embodiment,
however, a flow of pure water or ultrapure water on a surface
ol the substrate can be produced by supplying pure water or
ultrapure water between the column-shaped electrodes 304,
306 rotating 1n such opposite directions that the electrodes
enwind this supplied water, and a flow of pure water or
ultrapure water can eflectively discharge unnecessary prod-
ucts. Further, use of the column-shaped electrodes 304, 306
disposed 1n the above manner allows a linear contact or
proximity between the electrodes 304, 306 and the substrate
W, which can enhance flatness of a processed surface.

FIGS. 66 and 67 show a variation of the above electrolytic
processing device shown in FIGS. 64 and 65. In this
clectrolytic processing device, electrodes with a length sub-
stantially equal to a diameter of a substrate W are used as the
column-shaped processing electrode 304 and feeding elec-
trode 306, and the processing electrode 304 and the feeding
clectrode are allowed to rotate 1n opposite directions through
a motor 200 and a pair of spur gears 202a, 2025 that engage
cach other. Further, this electrolytic processing device
includes a bottomed, cylindrical waterproof cover 204 hav-
ing a drain 204aq and, provided 1n 1ts interior, with a substrate
holder 208 for holding the substrate W by spin chucks 206
which engage the substrate W at certain points 1n a periph-
eral region of the substrate W and rotating the substrate W
horizontally with its front surface upward, and a back
surtace nozzle 210 which 1s oriented towards almost a center
ol a back surface of the substrate W. The substrate holder
208 1s connected directly to motor 212. The substrate W 1s
loaded and unloaded by a substrate transport arm 214. Other
construction 1s the same as shown 1n FIGS. 64 and 65.

According to this embodiment, electrolytic processing of
the surface of the substrate W 1s conducted while rotating the
substrate holder 208 to thereby rotate the substrate W and,
at the same time, rotating the processing electrode 304 and
the feeding electrode 306 around their own central axes; and
simultaneously therewith, rinsing (cleaning) of the back
surface of the substrate W can be conducted by supplying
pure water from the back surface nozzle 210 to the back
surface of the substrate W.

FIG. 68 shows an electrolytic processing device accord-
ing to still another embodiment of the present invention. In
this electrolytic processing device, a column-shaped elec-
trode that can rotate about its central axis, the axis being
parallel to substrate W, 1s used as processing electrode 304.
An 1on exchanger 314/ 1s mounted on an outer peripheral
surface of the processing electrode 304. Pure water or
ultrapure water 1s supplied from pure water nozzle 316
between the processing electrode 304 and the substrate W.
Further, a feeding chuck 330 for supplying electricity, which
directly contacts a conductor film formed on a surface of the
substrate to supply electricity thereto, 1s used as feeding
clectrode 306. The feeding chuck 330 connects a feeding
clectrode positioned beneath the back surface of the sub-
strate W to a conductor film of the substrate W. Even when
the back surface of the substrate W 1s composed of an
insulator film such as an S10,, film, supply of electricity from
the back surface side becomes possible by using the feeding

chuck 330.
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FIG. 69 shows an electrolytic processing device accord-
ing to still another embodiment of the present invention. In
this electrolytic processing device, an electrode 1n the shape
of a flat rectangular plate 1s used as processing electrode
304. Ion exchanger 314a 1s mounted on a surface of the
clectrode facing a substrate W. Pure water or ultrapure water
1s supplied from pure water nozzle 316 between the pro-
cessing electrode 304 and the substrate W. Further a contact
pin-like electrode, which directly contacts a conductor film
(portion to be processed) such as the copper film 6 (see FIG.
85B) formed on a surface of the substrate W to supply
clectricity thereto, 1s used as feeding electrode 306. The
teeding electrode 306 should preferably have such a contact
area that does not leave its trace on the conductor film after
direct contact between the feeding electrode 306 and the
conductor film. It 1s possible to bring the feeding electrode
306 mnto contact with a conductor film such as the copper
film 6 formed on a bevel portion of the substrate W, thereby
removing the conductor film formed on the bevel portion of
the substrate W 1n a later bevel-etching step.

FIGS. 70 and 71 show another embodiment of an elec-
trolytic processing device according to the present invention
in which electricity 1s supplied from a front surface side of
a bevel portion. This electrolytic processing device diflers
from the electrolytic processing device shown 1n FIGS. 28
and 29 in the following points:

Substrate holder 46, disposed below electrode section 48,
1s designed to hold a substrate W with 1ts front surface
upward and rotate by actuation of motor 68, and 1s provided
with feeding electrodes 306, which contact a peripheral
portion of the substrate W placed on the substrate holder 46,
in certain positions along a circumierential direction of the
substrate holder 46. The feeding electrodes 306 are con-
nected to an anode extending from power source 80.

On the other hand, vertically movable, swingable and
rotatable electrode section 48 1s provided with a processing
clectrode 304 (50) which 1s connected to a cathode extend-
ing from the power source 80 through a hollow portion
formed 1n drive shaft 66 to slip ring 78, and further extend-
ing from the slip ring 78 through a hollow portion of hollow
motor 70. An 1on exchanger 314a (56) 1s mounted on a
surface (lower surface) of the processing electrode 304 (50).
Other construction 1s the same as shown 1n FIGS. 28 and 29.

According to this embodiment, the electrode holder 48 1s
lowered so as to bring the 1on exchanger 314a (56) into
contact with or close to a surface of the substrate W held by
the substrate holder 46. While supplying pure water or
ultrapure water to an upper surface of the substrate, a given
voltage 1s applied through the power source 80 between the
processing electrode 304 (50) and the feeding electrode 306,
the substrate holder 46 and the electrode section are rotated
and at the same time, and swingable arm 44 1s swung to
move the electrode section along the upper surface of the
substrate W, thereby eflecting electrolytic processing of this
surface of the substrate W.

FIGS. 72 and 73 show an electrolytic processing device
according to still another embodiment of the present inven-
tion which 1s used as a bevel-etching device. Construction of
this electrolytic processing device 1s basically the same as
the above-described electrolytic processing device shown in
FIG. 69. In this electrolytic processing device, 1on
exchanger 314a mounted on processing electrode 304 con-
tacts or gets close to a bevel portion of substrate W, and
teeding electrode 306 directly contacts a conductor film
(portion to be processed) such as copper film 6 formed 1n a
surface of the substrate W. The processing electrode 304
may either be a thick one as shown 1n FIG. 72, or a thin one
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as shown 1n FIG. 73. Bevel-etching processing can obtain a
conductor layer such as copper film 6 with a sharp profile
(step) 6a, as shown i FIG. 74.

FIGS. 75 and 76 show an electrolytic processing device
according to still another embodiment of the present inven-
tion which 1s used as a bevel-etching device. This electro-
lytic processing device diflers from the electrolytic process-
ing device shown in FIGS. 42 and 43 1in that: In this
clectrolytic processing device, a non-rotatable flat plate-
shaped electrode, having in a lower surface a curved portion
1606 conforming to a configuration of an upper half of a
bevel portion of a substrate W, 1s used as processing elec-
trode 160, and a contact pin-like electrode 1s used as feeding,
clectrode 156. Ion exchanger 162 1s mounted on a lower
surface of the processing electrode 160. The 1on exchanger
162 1s brought into contact with or close to the bevel portion
of the substrate W, thereby electrolytically processing the
upper half of the bevel portion of the substrate W. Other
construction i1s the same as shown i FIGS. 42 and 43.
According to this embodiment, simultaneously with elec-
trolytic polishing of the upper half of the bevel portion,
rinsing (cleaning) of front and back surfaces of the substrate
can be performed.

FIG. 77 shows a variation of the above electrolytic
processing device. This electrolytic processing device dil-
ters from the above electrolytic processing device shown 1n
FIGS. 75 and 76 1n use of a thicker processing electrode 160.
Other construction 1s the same as shown 1n FIGS. 75 and 76.

As shown i FIG. 78, it 1s preferred to monitor with
voltmeters 332a, 3325 voltage between the processing elec-
trode 304 and the 1on exchanger 314a, and voltage between
the 10n exchanger 314a and the conductor film (portion to be
processed) such as the copper film 6 (see FIG. 85B), and
teed back monitored values to a controller 334 so as to keep
the voltages constant, and also to monitor with an ammeter
336 clectric current tlowing between the processing elec-
trode 304 and the feeding electrode 306, and feed back
monitored values to the controller 334 so as to allow a
constant current to flow between the processing electrode
304 and the feeding electrode 306. This makes 1t possible to
restrain side reactions on a surface of the electrode or on a
surface of the conductor film such as copper film to thereby
prevent formation of impurities. If impurities are formed on
the surtace of the electrode, a decrease 1n a processing rate
can be avoided by maintaining a constant electric current.

When celectrolytic processing of a substrate W, for
example the substrate W of FIG. 85B having the copper film
6 formed on 1ts surtface, 1s conducted at a controlled constant
current value, current density (current value per unit area)
increases upon a decrease in processing area at a time of
exposure of an interconnect pattern composed of copper
layer 6 (as shown 1n FIG. 85C, copper 1s present only 1n the
trench), whereby a removal processing rate inevitably
increases. With electrolytic processing of the substrate at a
controlled constant current, the removal processing rate thus
varies before and after the exposure of the interconnect
pattern, thereby making processing control 1n the vicimity of
such exposure diflicult. Further, upon processing of the
copper film 6 on the interconnect pattern, the voltage applied
increases with a decrease in film thickness. Too high an
applied voltage can cause electric discharge. Also from a
viewpoint of power consumption, a low voltage 1s preferred.

When processing 1s conducted at a controlled constant
voltage, on the other hand, a current value decreases with
exposure of the interconnect pattern, whereby 1t becomes
possible to suppress arise of current density. Further,
because of constancy of voltage, there 1s no fear of electric
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discharge. Furthermore, since the current value decreases
with the decrease of film thickness, there 1s no increase of
power consumption. However, since the current value
charges, the processing rate changes with time. When the
current value becomes too low, a mode of processing can
change from removal processing to oxide film formation.

When processing 1s conducted at a controlled constant
current density, the processing rate does not change before
and after exposure of an interconnect pattern, thus enabling
removal processing at a constant processing rate. In order to
make this control, however, 1t 1s necessary to grasp before-
hand an area of an exposed interconnect pattern, and make
a control of changing (virtually decreasing) the current value
at a particular moment. It would therefore be diflicult to
respond to a variety of interconnect patterns.

In view of the above and making use of the advantages of
the above controlling methods, 1t may be considered to first
perform constant-current control up to the vicinity of an
exposure of an interconnect pattern in view of easy process-
ing control because of a constant processing rate, and then
perform constant-voltage control which 1s free from a fear of
a rise 1n voltage and which can suppress a rise of current
density.

FIGS. 79 and 80 show an electrolytic processing device
according to still another embodiment of the present inven-
tion, which 1s adapted for electrolytic processing of a
substrate W 1n which a conductor film (portion to be
processed) such as a copper film 1s formed over an entire
peripheral surface. In this electrolytic processing device, a
processing electrode 304 and a feeding electrode 306, both
in the shape of a flat rectangular plate, are disposed 1n
opposite positions across the substrate W. Thus, in this
embodiment, an electrode plate located on an upper surface
side of the substrate W and connected to a cathode of a
power source 312 functions as the processing electrode 304,
and on electrode plate located on a lower surface side of the
substrate W and connected to an anode functions as the
teeding electrode 306. Ion exchangers 314a, 314H are
mounted on a surface of the processing electrode 304 facing
the substrate W and on a surface of the feeding electrode 306
facing the substrate W, respectively. A pure water nozzle
316a for supplying pure water or ultrapure water between
the processing electrode 304 and the substrate W 1s provided
on the upper surface side of the substrate W, and a pure water
nozzle 316a for supplying pure water or ultrapure water
between the feeding electrode 306 and the substrate W 1s
provided on the lower surface side of the substrate W.

In operation, the 10n exchangers 314a, 3145, respectively
mounted on the processing electrode 304 and on the feeding
clectrode 306, are brought into contact with or close to the
substrate W, and pure water or ultrapure water 1s supplied
from the pure water nozzle 316a between the processing
clectrode 304 and the substrate W, and from a pure water
nozzle 3166 between the feeding electrode 306 and the
substrate W, thereby electrolytically processing a part of the
substrate W facing the processing electrode 304; and either
one or both of the substrate W and the processing electrode
304 are allowed to move so as to eflect electrolytic process-
ing of an entire surface of the substrate W on a side of the
processing electrode 304. The feeding electrode 306 may be
connected directly to the substrate W. Further, as with the
preceding embodiments, an electrolytic solution or a liquid
having an electric conductivity of not more than 500 uS/cm
may be used instead of pure water or ultrapure water.

FIGS. 81 and 82 show an electrolytic processing device
according to still another embodiment of the present inven-
tion. This electrolytic processing device employs, as pro-
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cessing electrode 304, a column-shaped one whose periph-
eral surface 1s covered with an 10n exchanger 314f and which
can rotate about 1ts central axis, the central axis being

parallel to substrate W. Other construction 1s the same as
shown 1n FIGS. 79 and 80. Use of such a column-shaped

rotatable processing electrode 304 allows the processing
clectrode 304 to linearly contact or get close to the substrate

W, whereby tlatness of a processed surface can be enhanced.

FIGS. 83 and 84 show an electrolytic processing device
according to still another embodiment of the present inven-
tion. This electrolytic processing device uses, as processing,
clectrode 304, an electrode of a spherical or oval spherical
shape that can rotate about 1ts central axis, the central axis
being perpendicular to substrate W. A lower half of the
processing electrode 304 1s covered with an 10n exchanger
314/. Other construction 1s the same as shown 1 FIGS. 79
and 80. Use of such a spherical or oval spherical processing
clectrode 304, which allows 1on exchanger 314/ to contact
or get close to the substrate W at a point, enables processing
at a point or of a curved surface. Further, uniformity of a
processed surface can be enhanced by rotating this spherical
processing electrode. Of course, such a spherical processing
clectrode may be used also 1n the preceding embodiments
and, 1n addition, 1t 1s also possible to use a spherical or oval
spherical form of feeding electrode.

According to the present invention, as described herein-
above, electrolytic processing of a workpiece, such as a
substrate, can be eflected through electrochemical action, 1n
place of CMP treatment, for example, without causing any
physical defects 1n the workpiece that would impair prop-
erties of the workpiece. The present electrolytic processing
device can effectively remove (clean) matter adhering to a
surface of the workpiece such as a substrate. Accordingly,
the present invention can omit a CMP treatment entirely or
at least reduce a load upon CMP. Furthermore, electrolytic
processing of a substrate can be eflected even by solely
using pure water or ultrapure water. This obviates a possi-
bility that impurities such as an electrolyte will adhere to or
remain on a surface of the substrate, can simplily a cleaning
process alter removal processing, and can remarkably
reduce a load upon waste liquid disposal.

FIG. 86 schematically shows an electrolytic processing
device according to still another embodiment of the present
invention. Electrolytic processing device 510 1s adapted for
cetching and removing e.g. an extra ruthenium film formed
on or adhering to a peripheral region of a front surface of a
substrate W. The electrolytic processing device 510 includes
a rotatable substrate holder 512 for attracting and holding
the substrate W with 1ts front surface facing upward, a liquid
supply nozzle 526 for supplying a liquid, e.g. ultrapure water
514 according to this embodiment, to a to-be-processed
portion of the substrate W, and a processing chamber 516 for
holding the ultrapure water 514 so that 1t may not scatter
alter processing. A drain 3518 for discharging the ultrapure
water 514 1s connected to a side portion of the processing

chamber 516.

Positioned above a peripheral portion of the substrate W
held by the substrate holder 512, there 1s disposed a feeding
clectrode 520 that comes close to or ito contact with a
surface of the substrate W and feeds electricity to a ruthe-
nium film on the surface of the substrate W. Further, a
processing electrode 522 i1s disposed above a peripheral
portion of the substrate W held by the substrate holder 512
at a given distance from the surface of the substrate W. An
ion exchanger 524, comprised of e.g. a nonwoven fabric
having a strongly acidic cation-exchange group, 1s mounted
tightly to a surface (lower surface) of the processing elec-
trode 522. A surface (lower surface) of the 1on exchanger
524 1s allowed to be close to or 1n contact with the surface

of the substrate W held by the substrate holder 512. The
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liquid supply nozzle 526 1s disposed above the substrate W
held by the substrate holder 512, and supplies the ultrapure
water 514 between the surface (to-be-processed portion) of
the substrate W and the processing electrode 522.

The feeding electrode 520 1s to be connected to an anode
ol a power source 528 and the processing electrode 522 1s to
be connected to the cathode, so that the ruthenium film 1n the
surface of the substrate W serves as an anode and the
processing electrode 522 serves as a cathode, and a portion
of the ruthenium film facing the ion exchanger 524 mounted
to the surface of the processing electrode 522 1s etched and
removed.

An 1on exchanger having a strongly acidic cation-ex-
change group (sulfonic acid group) or a strongly basic
anion-exchange group (quaternary ammonium group) 1s
usually used as the i1on exchanger 524. It 1s, however,
possible to use an 10on exchanger having a weakly acidic
cation-exchange group (carboxyl group) or a weakly basic
anion-¢xchange group (tertiary or lower ammonium group).

A description will now be given of electrolytic processing
for etching and removing the ruthenium film by the elec-
trolytic processing device 510.

First, the substrate W 1s attracted and held with its front
surface facing upward by the substrate holder 512. Ultrapure
water 514 1s supplied from the liquid supply nozzle 526 to
between the substrate W and the processing electrode 522,
and part of the ultrapure water 514 1n the processing
chamber 516 1s discharged through the drain 518. The
teeding electrode 520 1s brought close to or 1n contact with
the surface of the substrate W, and the 10on exchanger 524
mounted to the processing electrode 3522 1s brought into
contact with the surface of the substrate W. While rotating
the substrate holder 512 integrally with the substrate W and
teeding the ultrapure water 5314 1n the above manner, the
teeding electrode 520 1s connected to the anode of the power
source 528 and the processing electrode 522 1s connected to
the cathode to perform removal processing of the ruthenium
film through action of hydrogen 1ons and hydroxide 1ons
generated by a chemical reaction that takes place at a solid
surface of the 1on exchanger 524, such as a nonwoven fabric
having a strongly acidic cation-exchanger group.

FIG. 87 schematically shows an electrolytic processing
device according to still another embodiment of the present
invention. Electrolytic processing device 510a 1s adapted for
etching and removing e.g. an extra ruthenium film formed
on or adhering to a peripheral region of a front surface of a
substrate W. The celectrolytic processing device 510a
includes a rotatable substrate holder 512 for attracting and
holding the substrate W with its front surface facing upward,
an electrolysis solution supply nozzle 5235 for supplying a
halide-containing electrolysis solution 5135 to a to-be-pro-
cessed portion of the substrate W, and a processing chamber
516 for holding the electrolysis solution 5135 so that it may
not scatter after processing. A drain 518 for discharging the
clectrolysis solution 515 1s connected to a side portion of the
processing chamber 516.

Positioned above a peripheral portion of the substrate W
held by the substrate holder 512, there 1s disposed a feeding
clectrode 520 that comes close to or mto contact with a
surface of the substrate W and feeds electricity to a ruthe-
nium film on the surface of the substrate W. Further, a
processing electrode 522 i1s disposed above a peripheral
portion of the substrate W held by the substrate holder 512
at a given distance from the surface of the substrate W.
Furthermore, 1n addition to the electrolysis solution supply
nozzle (electrolysis solution supply section) 525 for supply-
ing the halide-containing electrolysis solution 315 between
a surface (lower surface) of the processing electrode 522 and
the ruthenium {ilm 1 a to-be-processed portion of the
substrate W, there 1s disposed a cleaning liquid supply
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nozzle 527 for supplying pure water or ultrapure water, as a
cleaning liquid for cleaning (rinsing) the surface of the
substrate alter processing, to a processed substrate surface.

The feeding electrode 520 1s to be connected to an anode
ol a power source 528 and the processing electrode 522 1s to
be connected to a cathode, so that the ruthenium film on the
surface of the substrate W serves as an anode and the
processing electrode 522 serves as a cathode, and a portion
of the ruthenium film to which the halide-contaiming elec-
trolysis solution 515 1s supplied 1s etched and removed.

With regard to the electrolysis solution 515, water or an
organic solvent such as an alcohol, acetonitrile, dimethyl
form amide, dimethyl sulfoxide, and the like may be used as
a solvent for a halide. An appropriate solvent may be
selected depending on an intended usage of the ruthenium
film to be processed, a cleaning step necessary after pro-
cessing, a surface condition of the ruthenium film, and the
like. For a substrate for use 1in semiconductor manufacturing,
it 1s preferred to use pure water, more preferably ultrapure
water, 1n order to best avoid impurity contamination of the
substrate.

An electrolysis solution of any halide may be employed
insofar as etching processing of the ruthenmium film can
progress through an electrochemical interaction, and a com-
pound generated during electrolysis reacts with ruthentum
and a reaction product can be dissolved 1n an electrolysis
solution or volatilized and removed. Specific examples of

usable electrolysis solutions may include an aqueous solu-
tion of a hydrogen halide acid such as HCI1, HBr or HI, an
aqueous solution of a halogen oxo acid such as HCIO,,
HBrO,, HIO,, HCIO, HBrO or HIO, an aqueous solution of
a halogen oxo acid salt such as NaClO,, KCIO,, NaClO or
KClO, and an aqueous solution of a neutral salt such as NaCl
or KCI. An appropniate electrolysis solution may be selected
depending on an intended usage of the ruthenium film after
processing and an influence of remaining material upon the
usage, a thickness of the ruthentum film, properties of a film
underlying the ruthenium film, and the like.

In operation of the electrolytic processing device 510a, at
the outset, the substrate W 1s attracted and held with 1ts front
surface facing upward by the substrate holder 512. The
halide-containing electrolysis solution 515 1s supplied from
the electrolysis solution supply nozzle 5235 to between the
substrate W and the processing electrode 522. The electroly-
s1s solution 5135 that has collected 1n the processing chamber
516 1s discharged through the drain 518. While rotating the
substrate holder 512 integrally with the substrate W and
supplying the electrolysis solution 515 in the above manner,
the feeding electrode 520 1s connected to the anode of the
power source 3528 and the processing electrode 522 1s
connected to the cathode, whereby the ruthenium film 1s
ctched and removed though an electrochemical reaction.
Further, a halide generated by electrolysis reacts with the
ruthentum, whereby etching and removal of the ruthenium
film progresses. A substrate surface after processing 1is
cleaned by pure water or ultrapure water supplied from the
cleaning liquid supply nozzle 527.

A halide concentration of the halide-containing electroly-
s1s solution 515 1s generally 1 mg/l to 10 g/1, preferably 100
mg/l to 1 g/l. A type of halide, a processing time, a
processing area, a distance between the ruthenium film as an
anode and the processing electrode 3522 as a cathode, an
clectrolysis voltage, and the like may approprniately be
determined depending upon a surface condition of the
substrate after electrolytic processing, a capacity for waste
liquid treatment, and the like. For example, an amount of
chemicals can be reduced by using an electrolysis solution
with a dilute halide concentration and increasing the elec-
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trolysis voltage. A processing rate can be increased by
increasing the halide concentration of the electrolysis solu-
tion.

Although certain preferred embodiments of the present
invention have been shown and described 1n detail, 1t should
be understood that various changes and modifications may
be made therein without departing from the scope of the
appended claims.

This 1nvention relates to an electrolytic processing device
useful for processing a conductive material present on a
surface ol a substrate, especially a semiconductor water, or
for removing impurities adhering to a surface of a substrate,
and a substrate processing apparatus provided with the
clectrolytic processing device.

What 1s claimed 1s:

1. An electrolytic processing device, comprising:

a processing electrode to be brought 1into contact with or

close to a workpiece;

a Teeding electrode for supplying electricity to the work-

plece;

an 1on exchanger disposed in at least one of a spaces

between the workpiece and said processing electrode
while the workpiece 1s being processed, and a space
between the workpiece and said feeding electrode
while the workpiece 1s being processed;

a power source for applying a voltage between said

processing electrode and said feeding electrode; and

a liquid supply section for supplying liquid, while the

workpiece 1s being processed, to the space between the
workpiece and said processing electrode when said 1on
exchanger 1s present 1n this space, and to the space
between the workpiece and said feeding electrode when
said 1on exchanger 1s present in this space.

2. The electrolytic processing device according to claim 1,
wherein the liquid 1s pure water, or a liquid having electric
conductivity of not more than 3500 uS/cm.

3. The electrolytic processing device according to claim 2,
wherein the pure water 1s ultrapure water.

4. The electrolytic processing device according to claim 1,
wherein said 1on exchanger includes a first portion disposed
in the space between said processing electrode and the
workpiece while the workpiece 1s being processed, and a
separate second portion disposed 1n the space between said
teeding electrode and the workpiece while the workpiece 1s
being processed.

5. The electrolytic processing device according to claim 1,
wherein said 1on exchanger 1s disposed, as an integrated
structure, 1n both the spaces between said processing elec-
trode and the workpiece while the workpiece 1s being
processed and the space between said feeding electrode and
the workpiece while the workpiece 1s being processed.

6. The electrolytic processing device according to claim 1,
wherein said 1on exchanger covers a surface, to be pro-
cessed, of the substrate while the workpiece 1s being pro-
cessed, and 1s disposed 1n the spaces between said process-
ing clectrode and the workpiece while the workpiece 1s
being processed, and the space between said feeding elec-
trode and the workpiece while the workpiece 1s being
processed.

7. The electrolytic processing device according to claim 6,
wherein said 1on exchanger extends between a supply shaft
and a rewind shaft, and 1s to be taken up sequentially.

8. The electrolytic processing device according to claim 7,
wherein said processing electrode and said feeding electrode
are mounted alternately on said 1on exchanger at a given
pitch along a length of said ion exchanger.
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9. The electrolytic processing device according to claim 1,
wherein said 1on exchanger has water-absorbing properties.

10. The electrolytic processing device according to claim
1, whereimn said i1on exchanger has at least one of an
anion-exchange ability and a cation-exchange ability.

11. The electrolytic processing device according to claim
1, wherein said 1on exchanger 1s covered with a porous body.

12. The electrolytic processing device according to claim
1, further comprising a regeneration section for regenerating
said 1on exchanger.

13. The electrolytic processing device according to claim
1, wherein at least one of said processing electrode and said
teeding electrode 1s 1n the shape of a flat rectangular plate.

14. The electrolytic processing device according to claim
1, wherein at least one of said processing electrode and said
teeding electrode 1s 1n the shape of a column, and 1s disposed
such that a central axis thereof 1s parallel to a surface, to be
processed, ol the workpiece while the workpiece 1s being
processed.

15. The electrolytic processing device according to claim
1, wherein at least one of said processing electrode and said
teeding electrode 1s of a spherical or oval spherical shape.

16. The electrolytic processing device according to claim
1, wherein at least one of said processing electrode and said
teeding electrode has a depressed portion or a raised portion
conforming to a configuration of the workpiece, and pro-
cessing ol the workpiece 1s to be conducted by allowing the
workpiece to face said depressed portion or said raised
portion.

17. The electrolytic processing device according to claim
1, wherein said processing electrode 1s designed to move
relative to the workpiece while the workpiece i1s being
processed, and/or said feeding electrode 1s designed to move
relative to the workpiece while the workpiece i1s being
processed.

18. The electrolytic processing device according to claim
17, wherein said processing electrode and/or said feeding
clectrode 1s designed to move relative to the workpiece by
being designed to at least one of

(1) rotate relative to the workpiece,

(1) reciprocate relative to the workpiece,

(11) eccentrically rotate relative to the workpiece,

(1v) perform a scroll movement relative to the workpiece.

19. The electrolytic processing device according to claim
1, wherein said processing electrode and said feeding elec-
trode are disposed such that one of said processing electrode
and feeding electrode surrounds the other of said processing
clectrode and feeding electrode.

20. The electrolytic processing device according to claim
1, wherein at least one of said processing electrode and said
teeding electrode 1s 1n the shape of a fan.

21. The electrolytic processing device according to claim
1, wherein at least one of said processing electrode and said
teeding electrode 1s disposed linearly or circularly.

22. An electrolytic processing device comprising:

a processing electrode to be brought 1nto contact with or

close to a workpiece;

a feeding electrode for supplying electricity to the work-

piece;

a power source for applying a voltage between said

processing electrode and said feeding electrode; and

a liquid supply section for supplying pure waters or a

liquid having an electric conductivity of not more than
500 uS/cm, between the workpiece and said processing
clectrode while the workpiece 1s being processed.

23. The electrolytic processing device according to claim
22, wherein the pure water 1s ultrapure water.
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24. The electrolytic processing device according to claim
22, wherein at least one of said processing electrode and said
feeding electrode 1s 1n the shape of a flat rectangular plate.

25. The electrolytic processing device according to claim
22, wherein at least one of said processing electrode and said
teeding electrode 1s 1n the shape of a column, and 1s disposed
such that a central axis thereof 1s parallel to a surface, to be
processed, of the workpiece while the workpiece 1s being
processed.

26. The clectrolytic processing device according to claim
22, wherein at least one of said processing electrode and said
feeding electrode 1s of a spherical or oval spherical shape.

277. The electrolytic processing device according to claim
22, wherein at least one of said processing electrode and said
teeding electrode has a depressed portion or a raised portion
conforming to a configuration of the workpiece, and pro-
cessing of the workpiece 1s to be conducted by allowing the
workpiece to face said depressed portion or said raised
portion.

28. The electrolytic processing device according to claim
22, wherein said processing electrode 1s designed to move
relative to the workpiece while the workpiece i1s being
processed, and/or said feeding electrode 1s designed to move
relative to the workpiece while the workpiece i1s being
processed.

29. The electrolytic processing device according to claim
28, wherein said processing electrode and/or said feeding
clectrode 1s designed to move relative to the workpiece by
being designed to at least one of

(1) rotate relative to the workpiece,

(1) reciprocate relative to the workpiece,

(111) eccentrically rotate relative to the workpiece, or

(1v) perform a scroll movement relative to the workpiece.

30. The electrolytic processing device according to claim
22, wherein said processing electrode and said feeding
clectrode are disposed such that one of said processing
clectrode and feeding electrode surrounds the other of said
processing electrode and feeding electrode.

31. The electrolytic processing device according to claim
22, wherein at least one of said processing electrode and said
feeding electrode 1s 1n the shape of a fan.

32. The electrolytic processing device according to claim
22, wherein at least one of said processing electrode and said
teeding electrode 1s disposed linearly or circularly.

33. A substrate processing apparatus, comprising:

a substrate carry-in and carry-out section for carrying in
and carrying out a substrate;

an e¢lectrolytic processing device including

(1) a processing electrode to be brought into contact
with or close to a substrate,

(11) a feeding electrode for supplying electricity to the
substrate,

(1) an 10n exchanger disposed 1n at least one of a space
between the substrate and said processing electrode
while the substrate 1s being processed, and a space
between the substrate and said feeding electrode
while the substrate 1s being processed,

(1v) a power source for applying a voltage between said
processing electrode and said feeding electrode, and

(v) a liquad supply section for supplying liquid, while
the substrate 1s being processed, to the space
between the substrate and said processing electrode
when said 10n exchanger 1s present in this space, and
to the space between the substrate and said feeding
clectrode when said 1on exchanger 1s present 1n this
space; and
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a transport device for transporting the substrate between
said substrate carry-in and carry-out section and said
clectrolytic processing device.

34. The substrate processing apparatus according to claim
33, further comprising a cleaning device for cleaning the
substrate after having been processed by said electrolytic
processing device.

35. The substrate processing apparatus according to claim
33, further comprising a CMP device for chemical mechani-
cal polishing a surface of the substrate.

36. The substrate processing apparatus according to claim
35, further comprising a cleaning device for cleaning the
substrate after having been polished by said CMP device.

37. The substrate processing apparatus according to claim
35, turther comprising a film thickness-measuring section
for measuring a film thickness of a portion to be processed,
during or aiter polishing of the substrate by said CMP
device.

38. The substrate processing apparatus according to claim
33, further comprising a film-forming device for forming a
film, as a portion to be processed, on a surface of the
substrate.

39. The substrate processing apparatus according to claim
38, further comprising at least one of a cleaning device for
cleaning the portion to be processed, and an annealing
device for annealing the portion to be processed.

40. The substrate processing apparatus according to claim
39, further comprising a bevel-etching device for etching a
part of the portion to be processed that 1s adhering to a
peripheral portion of the substrate.

41. The substrate processing apparatus according to claim
40, wherein said bevel-etching device 1s for etching the part
of the portion to be processed by performing electrolytic
processing.

42. The substrate processing apparatus according to claim
38, further comprising a film thickness-measuring section
for measuring a film thickness of the portion to be processed.,
during or after formation of the film by said film-forming
device.

43. The substrate processing apparatus according to claim
38, wherein said film-forming device 1s for forming the film
by performing plating.

44. The substrate processing apparatus according to claim
33, turther comprising a monitor for monitoring at least one
of electrolytic current and electrolytic voltage when voltage
1s applied, by said power source, between said feeding
clectrode and said processing electrode.

45. The substrate processing apparatus according to claim
44, wherein said monitor 1s for further monitoring a change
in a state of the substrate, while being processed, to detect
an end point of processing.

46. The substrate processing apparatus according to claim
33, further comprising a drying device for finally drying the
substrate after having been processed.

47. The substrate processing apparatus according to claim
33, turther comprising a film-thickness detection section for
detecting an end point of processing.

48. A substrate processing apparatus, comprising;:

a substrate carry-in and carry-out section for carrying in

and carrying out a substrate;
an electrolytic processing device including
(1) a processing electrode to be brought into contact
with or close to a substrate,

(11) a feeding electrode for supplying electricity to the
substrate,

(1) a power source for applying a voltage between said
processing electrode and said feeding electrode, and
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(1v) a liqud supply section for supplying pure water, or
a liquid having an electric conductivity of not more
than 3500 uS/cm, between the substrate and said
processing electrode while the substrate 1s being
processed; and

a transport device for transporting the substrate between
said substrate carry-in and carry-out section and said

clectrolytic processing device.

49. The substrate processing apparatus according to claim
48, further comprising a cleaning device for cleaning the
substrate after having been processed by said electrolytic
processing device.

50. The substrate processing apparatus according to claim
48, turther comprising a CMP device for chemical mechani-
cal polishing a surface of the substrate.

51. The substrate processing apparatus according to claim
50, further comprising a cleaning device for cleaning the
substrate after having been polished by said CMP device.

52. The substrate processing apparatus according to claim
50, further comprising a film thickness-measuring section
for measuring a film thickness of a portion to be processed,
during or after polishing of the substrate by said CMP
device.

53. The substrate processing apparatus according to claim
48, further comprising a film-forming device for forming a
film, as a portion to be processed, on a surface of the
substrate.

54. The substrate processing apparatus according to claim
53, further comprising at least one of a cleaning device for
cleaning the portion to be processed, and an annealing
device for annealing the portion to be processed.

55. The substrate processing apparatus according to claim
54, further comprising a bevel-etching device for etching a
part ol the portion to be processed that 1s adhering to a
peripheral portion of the substrate.

56. The substrate processing apparatus according to claim
55, wherein said bevel-etching device 1s for etching the part
of the portion to be processed by performing electrolytic
processing.

57. The substrate processing apparatus according to claim
53, further comprising a film thickness-measuring section
for measuring a film thickness of the portion to be processed
during or after formation of the film by said film-forming
device.

58. The substrate processing apparatus according to claim
53, wherein said film-forming device 1s for forming the film
by performing plating.

59. The substrate processing apparatus according to claim
48, further comprising a monitor for monitoring at least one
of electrolytic current and electrolytic voltage when voltage
1s applied, by said power source, between said feeding
clectrode and said processing electrode.

60. The substrate processing apparatus according to claim
59, wherein said monitor 1s for further monitoring a change
in a state of the substrate, while being processed, to detect
an end point of processing.

61. The substrate processing apparatus according to claim
48, turther comprising a drying device for finally drying the
substrate after having been processed.

62. The substrate processing apparatus according to claim

48, turther comprising a film-thickness detection section for
detecting an end point of processing.
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